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EXECUTIVE SUMMARY

This report summarizes the field activities conducted at Griffiss Air Force Base (AFB) for a
short-term field pilot test to compare vacuum-enhanced free-product recovery (bioslurping) to
traditional free-product recovery techniques used to remove light, nonaqueous-phase liquid (LNAPL)
from subsurface soils and aquifers. The field testing at Griffiss AFB is part of the Bioslurper
Initiative, which is funded and managed by the U.S. Air Force Center for Environmental Excellence
(AFCEE) Technology Transfer Division. The AFCEE Bioslurper initiative is a multisite program
designed to evaluate the efficacy of the bioslurping technology for (1) recovery of LNAPL from
groundwater and the capillary fringe, and (2) enhancing natural in situ degradation of petroleum
contaminants in the vadose zone via bioventing.

The main objective of the Bioslurper Initiative is to develop procedures for evaluating the
potential for recovering free-phase LNAPL present at petroleum-contaminated sites. The overall
study is designed to evaluate bioslurping and identify site parameters that are reliable predictors of
bioslurping performance. To measure LNAPL recovery in a wide variety of in situ conditions, tests
are being performed at many sites. The test at Griffiss is one of more than 40 similar field tests to be
conducted at various locations throughout the United States and its possessions.

The intent of field testing is to collect data to support determination of the predictability of
LNAPL recovery and to evaluate the applicability, cost, and performance of the bioslurping
technology for removal of free product and remediation of the contaminated area. The on-site testing
is structured to allow direct comparison of the LNAPL recovery achieved by bioslurping with the
performance of more conventional LNAPL recovery technologies. The test method included an initial
site characterization followed by LNAPL recovery testing. The three LNAPL recovery technologies
tested at Griffiss AFB were skimmer pumping, bioslurping, and drawdown pumping.

Bioslurper pilot test activities were conducted at two monitoring wells at the POL Bulk Fuel
Storage Area (Pump House 5): (1) monitoring well MW-7, and (2) monitoring well MW-3. Site
characterization activities were conducted to evaluate site variables that could affect LNAPL recovery
efficiency and to determine the bioventing potential of the site. Testing included baildown testing to
evaluate the mobility of LNAPL, soil sampling to determine physical/chemical site characteristics, soil
gas permeability testing to determine the radius of influence, and in situ respiration testing to evaluate

site microbial activity.
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Following the site characterization activities, the pump tests were conducted. At monitoring
well MW-7, pilot tests for skimmer pumping, bioslurping, and drawdown pumping were conducted.
The LNAPL recovery testing was conducted in the following sequence at monitoring well MW-7:
45.3 hr in the skimmer configuration, 92.7 hr in the bioslurper configuration, and 45.5 hr in the
drawdown configuration. .

After the drawdown pump test at MW-7, LNAPL recovery testing was conducted at monitoring
well MW-3 for 139.4 hr in the bioslurper configuration.

Measurements of extracted soil gas composition, LNAPL thickness, and groundwater level
were taken throughout the testing. The volume of LNAPL recovered and groundwater extracted were
quantified over time.

Baildown recovery tests were conducted at monitoring wells MW-1, MW-3, MW-7, and MW-
8. Baildown recovery tests provide a qualitative indication of the presence of mobile, free-phase
LNAPL and recovery potential. Overall the baildown recovery tests indicated a relatively slow rate
of LNAPL recovery into the wells. Also, short-term baildown recovery resulted in LNAPL
thicknesses substantially less than initial apparent thicknesses. Monitoring well MW-8 recovered to
an LNAPL thickness of 0.71 ft which is closer to the initial apparent thickness (1.11 ft). Monitoring
well MW-7 had the highest initial apparent thickness (6.77 ft) and the highest rate of initial recovery.
Based on these results, pilot testing was initiated on monitoring well MW-7.

Direct pumping tests were conducted at monitoring wells MW-7 and MW-3. _Skimmer pump
testing was conducted at monitoring well MW-7 in a continuous extraction mode for two days. No
measurable free-phase LNAPL was recovered during the two days of skimmer pump testing,
indicating that gravity-driven recovery is minimal. Bioslurper testing was conducted for two days
resulting in relatively low recovery on the first day (1.2 gal/day) followed by no measurable product
recovery on the second day. Vacuum levels in the well were high at 23 inches Hg. Groundwater
production rates during bioslurping were higher than rates during the drawdown pump test, indicating
that vacuum enhanced fluid recovery was in effect during the bioslurper test. The on-site water
treatment equipment, consisting of a filter tank, oil/water separator, and clarification tanks, resulted in
water effluent (2.8 to 3.5 mg/L total hydrocarbons) that is considered compatible with typical sanitary
sewer discharge limits.

In an effort to determine if the results at monitoring well MW-7 were representative of site
conditions, bioslurper testing was conducted at monitoring well MW-3. Minimal free-phase LNAPL

was recovered on the first day of bioslurper pumping (1.65 gallons/day). No measurable LNAPL
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free product was recovered on the second day of continuous extraction. The well head vacuum on
monitoring well MW-3 (7 inches Hg) and groundwater production rate (1,100 gallons/day) were
similar to those observed at monitoring well MW-7. Results at monitoring wells MW-7 and MW-3
appear to be representative of the site and indicate that gravity-driven or even vacuum-enhanced liquid
recovery techniques are not feasible.

Drawdown testing was conducted to determine if a cone of groundwater depression would
enhance LNAPL recovery. The water table was depressed in monitoring well MW-7 1.5 ft below the
static water table. No measurable LNAPL free product was recovered in this mode during two days
of continuous extraction. Groundwater recovery rates were on the order of 300 gallons/day. As
stated above, the vacuum gradient maintained during the bioslurper test resulted in higher fluid
recovery rates than the 1.5 ft groundwater drawdown test.

Bioslurping also promotes mass removal in the form of in situ biodegradatioh via bioventing
and soil gas extraction. Vapor phase mass removal is the result of soil gas extraction as well as
volatilization that occurs during the movement of LNAPL free product through the extraction
network. Given, the measured vapor flowrate (6 scfm) and vapor concentrations, initial hydrocarbon
removal rates were approximately 91 Ib/day of TPH and 0.20 Ib/day of benzene. Thus, initially,
mass removal in the vapor phase is significant. However, this short-term test does not provide a
good indication as to whether these rates would be sustained. Higher vapor mass removal rates are
more often sustained at those sites where liquid product recovery is sustained.

The initial soil gas profiles at the site displayed oxygen-deficient, carbon dioxide-rich, high
total volatile hydrocarbon vapor conditions across the 4 to 10 ft below ground surface horizons.
These conditions indicate that natural biodegradation of residual petroleum hydrocarbons has
occurred, but is limited by oxygen availability. Soil gas concentrations were measured during the
bioslurper test at monitoring points adjacent to monitoring well MW-7 to determine if the vadose zone
was being oxygenated via the bioslurper action. Oxygen concentrations were most influenced at
monitoring point MP1, 10 ft from the bioslurper well. Based on the soil gas permeability test, where
a radius of influence of 38 ft was measured, it is likely that these areas will become fully aerated. In
short, a two day extraction time frame at 6 scfm is insufficient to exchange sufficient pore volumes of
soil gas to fully oxygenate the zone of influence. In situ biodegradation rates of 5.8 to 11 mg/kg-day
were measured at three different locations. Based on the radius of influence of 38 ft and a
hydrocarbon-impacted soil thickness of 18 ft, mass removal rates via biodegradation are on the order

of 43 to 81 Ibs of hydrocarbon per day. Thus, mass removal rates via biodegradation could be as
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significant as the initial vapor phase removal rates measured during the bioslurper test. These results
indicate that bioventing is feasible at this site. Air injection bioventing is preferable over bioslurping
and soil vapor extraction with respect to the elimination of hydrocarbon vapor emissions.

In summary, the on-site testing at Pump House 5, Griffiss AFB, included the direct testing of
gravity-driven and vacuum-driven LNAPL free product recovery techniques, bioventing, physical
sampling, and tests relevant to soil vapor extraction. Liquid phase recovery was not sustainable in
any of the extraction modes. The vacuum-enhanced mode is significant in that if liquid phase
LNAPL recovery is not sustainable under high vacuum conditions, then it is unlikely that it will be
sustainable under any conditions. Vapor phase mass removal rates measured during bioslurper testing
may be the result of soil gas removal (i.e. SVE) or volatilization during liquid entrainment. The
generation of off-gas is undesirable and sustained rates of off-gas discharge cannot be estimated
accurately from this test. The in situ respiration test and vadose zone radius of influence testing
demonstrate that bioventing is feasible at this site.

Periodic baildown recovery tests are recommended as a useful indicator of LNAPL free
product recovery potential. Based on the conduct of identical pilot tests at over 25 different sites,
there have been several sites where apparent LNAPL product thicknesses are significant (>3 ft).
However, once the LNAPL free product is removed from the well, it may take weeks or months to
return to initial apparent thicknesses. LNAPL free product continues to accumulate in monitoring
wells, but not at a rate to make free product recovery worthwhile. The periodic baildown recovery
test is the best method to verify whether or not the Pump House 5 site is like the sites described
above. Periodic hand bailing may also represent removing LNAPL free product to the extent
practicable.

This pilot test effort is a logical follow-on to the AFCEE/ERT intrinsic remediation
investigation conducted at Pump House #5. The “Intrinsic Remediation Report” recommended the
consideration of source removal, and this free product recovery pilot test was designed to determine
the feasibility of some of the most effective technologies and select the best method of source
removal. Further consideration should be given to an overall risk management strategy to include
natural attenuation, and the evaluation of soil vapor extraction via internal combustion engine (ICE)

(AFCEE/ERT ICE Report, 1994), bioventing, and periodic baildown recovery tests.




DRAFT SITE-SPECIFIC TECHNICAL REPORT (A003)
for
FREE PRODUCT RECOVERY TESTING AT GRIFFISS AFB, NEW YORK
27 January 1997

1.0 INTRODUCTION

This report describes activities performed and data collected during field tests at Griffiss Air
Force Base (AFB), New York to compare vacuum-enhanced free-product recovery (bioslurping) to
traditional free-product recovery technologies for removal of light, nonaqueous-phase liquid (LNAPL)
from subsurface soils and aquifers. The field testing at Griffiss AFB is part of the Bioslurper
Initiative, which is funded and managed by the U.S. Air Force Center for Environmental Excellence
(AFCEE) Technology Transfer Division. The AFCEE Bioslurper Initiative is a multisite program
designed to evaluate the efficacy of the bioslurping technology for (1) recovery of LNAPL from
groundwater and the capillary fringe and (2) enhancing natural in situ degradation of petroleum

contaminants in the vadose zone via bioventing.

1.1 Objectives

The main objective of the Bioslurper Initiative is to develop procedures for evaluating the
potential for recovering free-phase LNAPL present at petroleum-contaminated sites. The overall
study is designed to evaluate bioslurping and identify site parameters that are reliable predictors of
bioslurping performance. To measure LNAPL recovery in a wide variety of in situ conditions, tests
are being performed at many sites. The test at Griffiss AFB is one of more than 40 similar field tests
to be conducted at various locations throughout the United States and its possessions. Aspects of the
testing program that apply to all sites are described in the Test Plan and Technical Protocol for
Bioslurping (Battelle, 1995). Test provisions specific to activities at Griffiss AFB are described in the
Site-Specific Test Plan provided in Appendix A.

The intent of field testing is to collect data to support determination of the predictability of
LNAPL recovery and to evaluate the applicability, cost, and performance of the bioslurping
technology for removal of free product and remediation of the contaminated area. The on-site testing

is structured to allow direct comparison of the LNAPL recovery achieved by bioslurping with the




performance of more conventional LNAPL recovery technologies. The test method included an initial
site characterization followed by LNAPL recovery testing. The three LNAPL recovery technologies
tested at Griffiss AFB were skimmer pumping, bioslurping, and drawdown pumping. The specific
test objectives, methods, and results for the Griffiss AFB test program are discussed in the following

sections.

1.2 Testing Approach

Bioslurper pilot test activities were conducted at two monitoring wells at Pump House 5: (1)
monitoring well MW-7, and (2) monitoring well MW-3. Site characterization activities were
conducted to evaluate site variables that could affect LNAPL recovery efficiency and to determine the
bioventing potential of the site. Testing included baildown testing to evaluate the mobility of
LNAPL, soil sampling to determine physical/chemical site characteristics, soil gas permeability testing
to determine the radius of influence, and in situ respiration testing to evaluate site microbial activity.

Following the site characterization activities, the pump tests were conducted. At monitoring
well MW-7, pilot tests for skimmer pumping, bioslurping, and drawdown pumping were conducted.
The LNAPL recovery testing was conducted in the following sequence at monitoring well MW-7:
45.3 hr in the skimmer configuration, 92.7 hr in the bioslurper configuration, and 45.5 hr in the
drawdown configuration.

After the drawdown pump test at MW-7, LNAPL recovery testing was conducted at monitoring
well MW-3 for 139.4 hr in the bioslurper configuration.

Measurements of extracted soil gas composition, LNAPL thickness, and groundwater level
were taken throughout the testing. The volume of LNAPL recovered and groundwater extracted were

quantified over time.

2.0 SITE DESCRIPTION

The site description information presented in this section was obtained from the Work Plan for
a Treatability Study in Support of the Intrinsic Remediation (National Attenuation) Option at
Pumphouse 5 (Building 771) prepared for the AFCEE and Griffiss AFB by Parsons Engineering




Science, Inc., June 1995. Additional information was obtained from Building 771 (Pumphouse 5)
Engineering Evolution/Cost Analysis Report dated February 1995.

Griffiss AFB is located in central New York State and is bordered on the west by the city of
Rome (Figure 1). The base is surrounded by land used for agricultural, residential, commercial, and
industrial purposes. The 3,900 contiguous acres are located in the Mohawk River Valley.

The base has been in operation since February 1942, with the primary mission of maintaining
and implementing effective aerial refueling operations and providing bombardment capabilities.
Pumphouse 5, the area identified as a source Area of Concern (AOC), serves as a fuel storage and
transfer station for aircraft refueling operations (Figure 2).

Pumphouse 5 is part of the base fuel distribution system. Located in the vicinity of Pumphouse
5 are four 50,000-gallon underground storage tanks (USTs) containing JP-4 jet fuel, of which an
unknown number are found below the water table (Figure 3). Northwest of Pumphouse 5 are two
valve pits and a 2,000-gallon collection tank. A drainage ditch located 250 ft north of the pumphouse
is a potential receptor of groundwater discharge.

There are records of three large spills known to have contributed to contamination at the site.
Fuel released from an aircraft fire in 1977 was the cause of a Class III JP-4 spill. Griffiss AFB
personnel indicated that the fuel was discharged off site due to an open trench gate in the center of the
apron. An occurrence reported in 1989 was the result of indications of free-phase fuel product found
in samples from monitoring wells at Pumphouse 5. A Class HI JP-4 spill again occurred in 1991
between the fillstand and Pumphouse 5. Sorbent material was used to clean up the spill.

Attempts have been made to define the limits of contamination through leak detection
investigations and a soil gas survey. Three monitoring wells were installed in 1989, and an additional
seven wells were installed in 1991. In each of the wells where free product was observed, a flexible
axial peristaltic pump petroleum-skimming system was used to draw down free product. This
operation was begun in early 1993 and, in conjunction with hand bailing, removed 25 to 50 gallons of
free product in 6 months. Since this time, several other incidences have contributed to further
contamination. Personnel report that the 2,000-gallon fuel collection tank has been overfilled on
occasions in the past. Furthermore, a leak attributed to a broken fitting in the pipe connecting the

collection tank in the pumphouse floor drain was discovered in 1994.
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2.1 Site Geology

Griffiss AFB and its vicinity rest on hundreds of feet of shale bedrock covered by
unconsolidated materials of coarser texture described as gray sandy shale. From south to north, the
area tends to demonstrate a coarsening of sediments and a decreasing depth to bedrock.

Site soils consist of silty sands underlain by glacial till in the east- and west-central areas with
the remainder of the site consisting of gravels. The southern portion is underlain by well-sorted
sands.

Pumphouse 5 is described as having fine- to medium-grained sand, gravel, and traces of clay.
These sands tend to dominate both the vadose and saturated zones with the exception of clayey soils
observed at 12 to 19 ft below ground surface (bgs) at several boreholes. Depth to bedrock ranges

from 25 to 50 ft bgs at the site area.
2.2 Aquifer Characteristics

Groundwater is generally found between 14 and 19 ft bgs across the site and at shallower
depths in adjacent areas. Flow tends to be counter-regional to the southwesterly groundwater flow
pattern of the base. The northern portion of the site experiences north and northwest flow throughout
the year with possible discharge into a drainage ditch located 250 ft northwest of the pumphouse.

The flow direction to the south of the pumphouse is predominantly north; however, some localized
flow patterns develop specific to the seasons. Flow direction to the east of the pumphouse tends to be
erratic.

The average hydraulic gradient across the site has been estimated at 0.060 ft/ft. Both rising-
and falling-head slug test data were used to measure hydraulic conductivity. These values were found
to be 3.03 X 1073 ft/min respectively. Using these data and assumed porosity of 30%, the
groundwater velocity at the site is estimated to be 4,38 X 10 ft/min or 0.63 ft/day.

2.3 Site Contamination
Site contamination in the form of JP-4 jet fuel was first detected in 1989 by the appearance of

free product in the monitoring wells. LNAPL thicknesses in monitoring wells, which continued to be

monitored until 1995, ranged from 0.010 to 5.07 ft. Samples from a soil gas survey performed at the




end of 1989 were analyzed for benzene, toluene, ethylbenzene, and xylenes (BTEX) and total
petroleum hydrocarbons (TPH). In one contaminated area, BTEX levels of 706 ug/L and TPH
concentrations of 104,000 ug/L were detected. TPH concentrations northwest and northeast of the
site reached as high as 219,000 pg/L, respectively,

Analysis of free product floating on groundwater was indicative of JP-4 with variances due to
slight environmental exposure. Data from the May 1994 sampling also indicate that the contamination
was relatively fresh. Locations of the mobile LNAPL seem to correspond to buried tanks and fuel
lines and show that free product seems to have migrated northwest to a constructed drainage ditch.

A four-quarter groundwater sampling series began in 1992. During this time period, the
highest BTEX levels were recorded at 771MW-4 and 771MW-8, with respective readings ranging
from 3,427 to 8,529 pg/L and 11,180 to 30,600 ug/L. Other contaminants detected' at the site
include acetone at 4,300 ug/L, naphthalene at 118.3 ug/L, and total glycol at 0.93 mg/L. The
groundwater quality standards for New York are the applicable ‘or relevant and appropriate
requirements (ARARs) assigned to the Pumphouse 5 area. BTEX concentrations exceeded the

ARARSs in at least one or more wells for all four sampling periods.

3.0 BIOSLURPER SHORT-TERM PILOT TEST METHODS

This section documents the initial conditions at the test site and describes the test equipment

and methods used for the short-term pilot test at Griffiss AFB.
3.1 Initial LNAPL/Groundwater Measurements and Baildown Testing

Monitoring wells MW-1, MW-3, MW-7, and MW-8 were evaluated for use in the bioslurper
pilot testing. Initial depths to LNAPL and to groundwater were measured using an oil/water interface
probe (ORS Model #1068013). LNAPL was removed from the well with a Teflon™ bailer until the
LNAPL thickness could no longer be reduced. The rate of increase in the thickness of the floating
LNAPL layer was monitored using the oil/water interface probe for approximately 0.5 hr at
monitoring well MW-1, approximately 1 hr at monitoring well MW-3, approximately 19 hr at

monitoring well MW-7, and for approximately 0.5 hr at monitoring well MW-8.




An LNAPL sample was collected from monitoring well MW-7 for analysis of BTEX and for
boiling point fractionation. The sample was sent to Alpha Analytical, Inc., in Sparks, Nevada for

analysis.
3.2 Well Construction Details

Short-term bioslurper pump tests were conducted at existing monitoring well MW-7 and at
monitoring well MW-3. Monitoring wells MW-7 and MW-3 are constructed of 2-inch-diameter,
schedule 40 polyvinyl chloride (PVC). A schematic diagram illustrating general well construction
details for monitoring wells MW-7 and MW-3 is provided in Figure 4. Precise construction details

for the total well depth and screen length are currently unknown.
3.3 Soil Gas Monitoring Point Installation

Three monitoring points were installed and labeled MP1, MP2, and MP3. The locations and
constructions details of the monitoring points are illustrated in Figure 4.

The monitoring points consisted of %-inch tubing, with 1-inch-diameter, 6-inch-long screened
areas. The screened lengths were positioned at depths of 6, 8, and 10 ft bgl at monitoring points
MP1 and MP3 and at depths of 4, 6, and 8 ft bgl at monitoring point MP2. The annular space
corresponding to the screened length was filled with silica sand. The interval from the top of the
screened length to the bottom of the next screened length, as well as the interval from the ground
surface to the top of the first screened length, was filled with bentonite clay chips. After placement,
the bentonite clay was hydrated with water to expand the chips and provide a seal.

Type K thermocouples were installed with monitoring point MP2 at depths of 4 and 8 ft bgl.

After installation of the monitoring points, initial soil gas measurements were taken with a
GasTech portable O,/CO, meter and a GasTech TraceTechtor portable hydrocarbon meter. Oxygen
limitation was observed at all monitoring points, with oxygen concentrations below 5% and TPH

concentrations greater than 20,000 ppmv (Table 1).
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Table 1. Initial Soil-Gas Compositions at Griffiss AFB, NY .

Monitoring Point Depth (ft) Oxygen (%) Carbon Dioxide (%) | TPH (ppmv)
MP1 6.0 0 8.0 >20,000
8.0 0 8.5 >20,000
10 0 8.5 >20,000
MP2 4.0 0 8.0 >20,000
6.0 0 9.0 > 20,000
8.0 0 9.0 >20,000
MP3 6.0 0 14 >20,000
8.0 0 11 >20,000
10 2.0 4.0 >20,000

3.4 Soil Sampling and Analysis

Two soil samples were collected during the installation of monitoring point MP1 and were
labeled GRF-A1 and GRF-A2. The samples were taken from 8.0 to 9.0 ft bgs using a split spoon
sampler with brass sleeves. The samples were placed in an insulated cooler, chain-of-custody records
and shipping papers were completed, and the samples were sent to Alpha Analytical, Inc., in Sparks,
Nevada. Samples were analyzed for BTEX, bulk density, moisture content, particle size, porosity,

and TPH-purgeable. The laboratory analytical report is provided in Appendix B.

3.5 LNAPL Recovery Testing

3.5.1 System Setup

The bioslurping pilot test system is a trailer-mounted mobile unit. The vacuum pump (Atlantic
Fluidics Model A100, 10-hp liquid ring pump), oil/water separator, and required support equipment
were carried to the test location on a trailer. The trailer was located near the monitoring well, the

well cap was removed, a well seal was placed on the top of the well, and the slurper tube was

11




lowered into the well. The slurper tube was attached to the vacuum pump. Different configurations
of the well seal and the placement depth of the slurper tube allow for simulation of skimmer pumping,
operation in the bioslurping configuration, or simulation of drawdown pumping. Extracted
groundwater was treated by passing the recovered fluid through two oil/water separators. The
groundwater was discharged into the City of Rome sanitary sewer system.

A brief system startup test was performed prior to LNAPL recovery testing to ensure that all
system components were working properly. The system checklist is provided in Appendix C. All
site data and field testing information were recorded in a field notebook and then transcribed onto

pilot test data sheets provided in Appendix D.
3.5.2 Skimmer Pump Test

Prior to test initiation, depths to LNAPL and groundwater were measured. The slurper tube
was then set at the LNAPL/groundwater interface with the wellhead open to the atmosphere. The
drop tube was held in position by the well seal, and was positioned to leave the wellhead vented to
the atmosphere (Figure 5). The liquid ring pump and oil/water separator were primed with known
amounts of groundwater to ensure that any LNAPL or groundwater entering the system could be
quantified. The flow totalizer for the LNAPL and aqueous effluent were zeroed, and the liquid ring
pump was started on 20 August 1996 to begin the skimmer pump test. The test was operated
continuously for 45.3 hr. The LNAPL and groundwater extraction rates were monitored throughout
the test, as were all other relevant data for the skimmer pump test. Test data sheets are provided in

Appendix D.
3.5.3 Bioslurper Pump Test

Two bioslurper pump test were conducted: one at monitoring well MW-7 and one at

monitoring well MW-3. Details of the tests are described in the following sections.
3.5.3.1 Monitoring Well MW-7

Upon completion of the skimmer pump test, preparations were made to begin the bioslurper

pump test. The slurper tube was set at the LNAPL/groundwater interface. The LNAPL and
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groundwater depth were measured prior to any recovery testing. The sanitary well seal was
positioned inside the well, sealing the wellhead and allowing the pump to establish a vacuum in the
well (Figure 6). A pressure gauge was installed at the wellhead to measure the vacuum inside the
extraction well. The liquid ring pump was started on 22 August 1996 to begin the bioslurper pump
test. The test was initiated approximately 11 hr after the skimmer pump test and was operated for
92.7 hr. The LNAPL and groundwater extraction rates were monitored throughout the test, as were

all other relevant data for the bioslurper pump test. The data sheets are provided in Appendix D.
3.5.3.2 Monitoring Well MW-3

The liquid ring pump was started on 24 August 1996 to begin the bioslurper pump test. The
test was initiated approximately 1 hr after termination of the bioslurper pump test at MW-7. The
LNAPL and groundwater extraction rates were monitored throughout the test, as were all other

relevant data for the bioslurper pump test. Test data sheets are provided in Appendix D.
3.5.4 Drawdown Pump Test

Upon completion of the bioslurper pump test at MW-3, preparations were made to begin the
drawdown pump test. Drawdown testing was conducted to determine if a cone of groundwater
depression would enhance LNAPL recovery. The slurper tube was positioned 1.5 ft below the initial
LNAPL/water interface measured prior to any recovery pump testing (Figure 7). The liquid ring
pump was started on 26 August 1996 to begin the drawdown pump test. The test was initiated
approximately 8 hr after the bioslurper pump test was completed and was operated continuously for
45.5 hr. The LNAPL and groundwater extraction rates were monitored throughout the test, as were

all other relevant data for the drawdown pump test. Test data sheets are provided in Appendix D.
3.6 Off-Gas Sampling and Analysis

Two soil gas samples were collected during the bioslurper pump test. Samples GRF-OGS-1
and GRF-OGS-2 were collected from the bioslurper off-gas during the bioslurper pump test at
monitoring well MW-7. Sample GRF-OGS-1 was collected following approximately 58 hr of
operation, and sample GRF-OGS-2 was collected after approximately 79 hr of operation. The
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samples were collected in Summa™ canisters. The samples were sent under chain of custody to Air

Toxics, Ltd., in Folsom, California, for analyses of BTEX and TPH, using EPA Method TO-3.
3.7 Groundwater Sampling and Analysis

Two groundwater samples were collected during the bioslurper pump test at MW-7 and were
labeled GFS-DW-1 and GFS-DW-2. Each sample was collected after the oil/water separator, after
approximately 59 and 79 hr of operation, respectively. Samples were collected in 40-mL septa vials
containing hydrochloric acid (HC1) preservative. Samples were checked to ensure no headspace was
present and were then shipped on ice and sent under chain of custody to Alpha Analytical, Inc., in
Sparks, Nevada for analyses of BTEX and TPH (purgeable).

3.8 Soil Gas Permeability Testing

The soil gas permeability test data were collected during the bioslurper pump test at monitoring
well MW-7. Before a vacuum was established in the extraction well, the initial soil gas pressures at
the three installed monitoring points were recorded. The start of the bioslurper pump test created a
steep pressure drop in the extraction well which was the starting point for the soil gas permeability
testing. Soil gas pressures were measured at each of the three monitoring points at all depths to track
the rate of outward propagation of the preséure drop in the extraction well. Soil gas pressure data
were collected frequently during the first 20 minutes of the test. The soil gas pressures were recorded
throughout the bioslurper pump test to determine the bioventing radius of influence. Test data are

provided in Appendix E.
3.9 In Situ Respiration Testing

Air containing approximately 2% helium was injected into three monitoring points for
approximately 24 hr beginning on 26 August 1996. The setup for the in situ respiration test is
described in the Test Plan and Technical Protocol a Field Treatability Test for Bioventing (Hinchee et
al., 1992). A ' -hp diaphragm pump was used for air and helium injection. Air and helium were
injected through monitoring points MP1-10.0’, MP2-8.0’, and MP3-10.0'. After the air/helium

injection was terminated, soil gas concentrations of oxygen, carbon dioxide, TPH, and helium were
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monitored periodically. The in situ respiration test was terminated on 28 August 1996. Oxygen
utilization and biodegradation rates were calculated as described in Hinchee et al. (1992). Raw data
for these tests are presented in Appendix F.

Helium concentrations were measured during the in situ respiration test to quantify helium
leakage to or from the surface around the monitoring points. Helium loss over time is attributable to
either diffusion through the soil or leakage. A rapid drop in helium concentration usually indicates
leakage. A gradual loss of helium along with a first-order curve generally indicates diffusion. As a
rough estimate, the diffusion of gas molecules is inversely proportional to the square root of the
molecular weight of the gas. Based on molecular weights of 4 for helium and 32 for oxygen, helium
diffuses approximately 2.8 times faster than oxygen, or the diffusion of oxygen is 0.35 times the rate
of helium diffusion. As a general rule, we have found that if helium concentrations at test completion
are at least 50 to 60% of the initial levels, measured oxygen uptake rates are representative. Greater

helium loss indicates a problem, and oxygen utilization rates are not considered representative.

4.0 RESULTS

This section documents the results of the site characterization, the comparative LNAPL

recovery pump test, and other supporting tests conducted at Griffiss.

4.1 Baildown Test Results

Results from the baildown tests are presented in Table 2. Baildown recovery tests were
conducted at monitoring wells MW-1, MW-3, MW-7, and MW-8. Baildown recovery tests provide a
qualitative indication of the presence of mobile, free-phase LNAPL and recovery potential. Overall
the baildown recovery tests indicated a relatively slow rate of LNAPL recovery into the wells. Also,
short-term baildown recovery resulted in LNAPL thicknesses substantially less than initial apparent
thicknesses. Monitoring well MW-8 recovered to an LNAPL thickness of 0.71 ft which is closer to
the initial apparent thickness (1.11 ft). Monitoring well MW-7 had the highest initial apparent
thickness (6.77 ft) and the highest rate of initial recovery. Based on these results, pilot testing was

initiated on monitoring well MW-7.
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Table 2. Results of Baildown Testing, Griffiss AFB, NY

Monitoring Sample Depth to Depth to LNAPL
Well Collection Time | Groundwater (ft) LNAPL (ft) Thickness (ft)
MW-1 Initial Reading
8/19/96 17.96 15.50 2.46
8/19/96-1414 17.13 17.08 0.050
8/19/96-1417 17.04 16.93 0.11
8/19/96-1421 17.00 16.85 0.15
8/19/96-1428 16.98 16.82 0.16
8/19/96-1434 16.89 16.79 0.10
MW-3 Initial Reading
8/19/96 19.50 14.75 4.75
8/19/96-1347 17.18 17.14 0.040
8/19/96-1349 16.79 16.71 0.080
8/19/96-1352 16.48 16.35 0.13
8/19/96-1356 16.36 16.20 0.16
8/19/96-1400 16.32 16.10 0.22
8/19/96-1405 16.32 16.04 0.28
8/19/96-1438 16.42 15.93 0.49
MW-7 Initial Reading
8/19/96 19.58 12.81 6.77
8/19/96-1308 17.21 16.90 0.31
8/19/96-1310 17.10 16.65 0.45
8/19/96-1312 17.05 16.44 0.61
8/19/96-1314 17.00 16.27 0.73
8/19/96-1316 16.97 16.10 0.87
8/19/96-1320 16.93 15.92 1.01
8/19/96-1323 16.90 15.78 1.12
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Table 2. Results of Baildown Testing, Griffiss AFB, NY (continued)

Monitoring Sample Depth to Depth to LNAPL
Well Collection Time | Groundwater (ft) LNAPL (ft) Thickness (ft)
MW-7 8/19/96-1330 16.83 15.50 1.33
(cont’d) 8/19/96-1335 16.78 15.33 1.45
8/19/96-1345 16.70 15.15 1.55
8/19/96-1408 16.54 14.90 1.64
8/19/96-1436 16.52 14.82 1.70
8/20/96-0825 17.57 15.09 2.48
8/20/96-0846 18.94 16.39 2.55
MW-8 Initial Reading
8/19/96 20.42 19.31 1.11
8/19/96-1441 19.20 19.11 0.090
8/19/96-1445 18.93 18.65 0.28
8/19/96-1451 19.05 18.53 0.52
8/19/96-1456 19.12 18.50 0.62
8/19/96-1503 19.17 18.52 0.65
8/19/96-1516 19.20 18.49 0.71

20




4.2 Soil Sample Analyses

Table 3 shows the TPH and BTEX concentrations measured in soil samples collected from
Pump House 5. TPH and BTEX concentrations were very similar between the two samples, with an
average TPH concentration of 4,700 mg/kg and an average BTEX concentration of 105 mg/kg. The
results of the physical characterization and inorganic analysis of the soil are presented in Table 4.

Soils were very permeable, with soils primarily falling into the granule soil size classification.
4.3 LNAPL Pump Test Results
4.3.1 Initial Skimmer Pump Test Results

No significant quantities of LNAPL were recovered during this test during 45 hr of continuous
extraction (Table 5). A total of 255 gallons of groundwater was extracted with an average extraction

rate of 136 gallons/day (Table 5). Results of LNAPL recovery versus time are shown in Figure 8.
4.3.2 Bioslurper Pump Test Results
4.3.2.1 Monitoring Well MW-7

LNAPL recovery was possible during the bioslurper pump test although recovery rates were
low (Figure 8). Bioslurper testing was conducted for two days resulting in relatively low recovery on
the first day (1.2 gallons/day) followed by no measurable product recovery on the second day. A
total of 1.2 gallons of LNAPL and 2,075 gallons of groundwater was extracted, with daily average
recovery rates of 0.60 gallons/day for LNAPL and 1,307 gallons/day for groundwater (Table 5). The
LNAPL recovery rate versus time is shown in Figure 9. The vacuum-exerted wellhead pressure on
monitoring well MW-7 was high throughout the bioslurper pump test at approximately 23 inches of
Hg.

Soil gas concentrations were measured during the bioslurper test at monitoring points adjacent
to monitoring well MW-7 to determine if the vadose zone was being oxygenated via the bioslurper
action. Oxygen concentrations were most influenced at monitoring point MP1, 10 ft from the

bioslurper well (Table 6). Based on the soil gas permeability test, where a radius of influence of 38
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Table 3. TPH and BTEX Concentrations in Soil Samples from Griffiss AFB, NY

Concentration (mg/kg)
Parameter GRF-Al GRF-A2
TPH (purgeable) 4,700 4,700
Benzene <1.0 <1.0
Toluene <1.0 <1.0
Ethylbenzene 23 21
Xylenes 82 82
Table 4. Physical Characterization of Soils from Griffiss AFB, NY
Sample
Parameter GRF-Al GRF-A2
Moisture Content (%) 14.0 14.0
Density (g/cm’) 1.42 1.46
Porosity (%) 46.4 44 .9
Sieve Analysis
Particle Size (mm) Percent
254 0
16 20
2.38 79.4
2.00 0.6
1.19 <0.10
0.59 <0.10
0.42 <0.10
0.30 <0.10
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Table 5. Pump Test Results at Monitoring Well MW-7,

Griffiss AFB, NY

Recovery Rate (gal/day)

Skimmer Pump Test Bioslurper Pump Test Drawdown Pump Test
Time (days) LNAPL Groundwater LNAPL Groundwater LNAPL Groundwater

1 0 171 1.2 1,518 0 318

2 Sheen 105 Sheen 1,095 0 255

Average 0 136 0.60 1,307 0 285
(gal/day)

Total Recovery 0 255 1.2 2,075 0 541

(gal)
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Figure 8. Fuel Recovery Versus Time During Each Pump Test in Monitoring Well MW-7
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Table 6. Oxygen Concentrations During the Bioslurper Pump Test at MW-7, Griffiss

AFB, NY
Oxygen Concentrations (%) Versus Time (hours)
Monitoring Point Depth (ft) 0 56.6 69.4 7.6
MP1 6.0 0 9.0 16.5 18
8.0 0 5.0 2.0 1.5
10.0 2.0 5.0 1.5 0
MP2 4.0 0 4.0 0 4.5
6.0 0 2.0 1.0 0
8.0 0 1.0 1.0 0
MP3 6.0 0 0 1.0 0
8.0 0 0 0 0
10.0 0 0 1.0 0

ft was measured, it is likely that these areas will become fully aerated. In short, a two day extraction
time frame at 6 scfm is insufficient to exchange sufficient pore volumes of soil gas to fully oxygenate

the zone of influence.
4.3.2.2 Monitoring Well MW-3

In an effort to determine if the results at monitoring well MW-7 were represéntative of site
cqnditions, bioslurper testing was conducted at monitoring well MW-3. Minimal free-phase LNAPL
was recovered on the first day of bioslurper pumping (1.65 gallons/day) (Table 7). No measurable
LNAPL free product was recovered on the second day of continuous extraction. The LNAPL
recovery rate versus time is shown in Figure 10. The well head vacuum on monitoring well MW-3
(7 inches Hg) and groundwater production rate (1,100 gallons/day) were similar to those observed at
monitoring well MW-7. Results at monitoring wells MW-7 and MW-3 appear to be representative of
the site and indicate that gravity-driven or even vacuum-enhanced liquid recovery techniques are not

feasible.
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Table 7. Bioslurper Pump Test Results at Monitoring Well MW-3, Griffis AFB, NY

Recovery Rate (gallons/day)

Time (days) LNAPL Groundwater
1 1.66 1,171
2 0 1,135
Average (gal/day) 0.82 1,153
Total (gal) 1.61 2,257
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Figure 10. LNAPL Recovery Rate Versus Time During the Bioslurper Pump Test at

Monitoring Well MW-3
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4.3.3 Drawdown Pump Test

Drawdown pump testing was conducted to determine if a cone of groundwater depression
would enhance LNAPL recovery. The water table was depressed 1.5 ft below the static water table
in monitoring well MW-7. No measurable LNAPL free product was recovered in this mode during
two days of continuous extraction (Table 5). Groundwater recovery rates were on the order of 300
gallons/day. As stated above, the vacuum gradient maintained during the bioslurpef test resulted in

higher fluid recovery rates than the 1.5 ft groundwater drawdown test.
4.3.4 Extracted Groundwater, LNAPL, and Off-Gas Analyses

Results of groundwater analyses are shown in Table 8. Contaminant concentrations were
similar between the two samples, with average TPH and total BTEX concentrations of 3.2 mg/L and
1.1 mg/L, respectively. The on-site water treatment equipment, consisting of a filter tank, oil/water
separator, and clarification tanks, resulted in water effluent (2.8 to 3.5 mg/L total hydrocarbons) that
is considered compatible with typical sanitary sewer discharge limits.

The results from the off-gas analyses are presented in Table 9. Given a vapor discharge rate of
6 scfm and using an average concentration of 36,500 ppmv TPH and 115 ppmv benzene,
approximately 91 1b/day of TPH and 0.20 1b/day of benzene were emitted to the air. Thus, initially,
mass removal in the vapor phase is significant. However, this short-term test does not provide a
good indication as to whether these rates would be sustained. Higher vapor mass removal rates are
more often sustained at those sites where liquid product recovery is sustained.

Analyses for chlorinated compounds in the off-gas were conducted; however, no chlorinated
compounds were detected. 1,3,5-Trimethylbenzene and 1,2,4-trimethylbenzene were detected at
average concentrations of 36 and 90 ppmv, respectively.

The composition of LNAPL is shown in Table 10 and 11 in terms of BTEX concentrations and
distribution of C-range compounds, respectively. The distribution of C-range compounds also is

shown graphically in Figure 11.
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Table 8. TPH and BTEX Concentrations in Extracted Groundwater During the Bioslurper

Pump Test at Monitoring Well MW-7, Griffiss AFB, NY

Concentration (mg/L)

Parameter GFSDW1 GFSDW2
TPH (purgeable) 3.5 2.8
Benzene 0.40 0.22
Toluene 0.026 0.027
Ethylbenzene 0.18 0.11
Xylenes 0.84 0.44

Table 9. BTEX and TPH Concentrations in Off-Gas During the Bioslurper Pump Test at
Monitoring Well MW-7, Griffiss AFB, NY

Concentration (ppmv)

Parameter GRF-0GS-1 GRF-OGS-2

TPH as jet fuel 38,000 35,000
Benzene 130 100
Toluene <24 . <21
Ethylbenzene 61 57
Xylenes 240 220
1,3,5-Trimethylbenzene 35 - 36
1,2,4-Trimethylbenzene 99 80
Hexane 8,000 7,000
Heptane 2,100 2,000




Table 10. BTEX Concentrations in LNAPL from Griffiss AFB, NY

Compound Concentrations (mg/kg)
Benzene 1.3
Toluene 0.2
Ethylbenzene 3.8
Total Xylenes 18.0

Table 11. C-Range Compounds in LNAPL from Griffiss AFB, NY

C-Range Compound

Percentage of Total

<C8

44.40

c9

9.60

11.01

12.26

11.34

7.25

2.52

0.71

0.27

0.63
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Figure 11. Distribution of C-Range Compounds in Extracted LNAPL at Griffis AFB, NY
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4.4 Bioventing Analyses
4.4.1 Soil Gas Permeability and Radius of Influence

The radius of influence is calculated by plotting the log of the pressure change at a specific
monitoring point versus the distance from the extraction well. The radius of influence is then defined
as the distance from the extraction well where 0.10 inch of H,0 can be measured. Based on this
definition, the radius of influence during the bioslurper pump test at monitoring well MW-7 was

approximately 38 ft (Figure 12).
4.4.2 In Situ Respiration Test Results

Results from the in situ respiration test are presented in Table 12. Oxygen utilization rates
were relatively high, ranging from 0.35 to 0.69 %O,/hr. Biodegradation rates ranged from 5.8 to 11

mg/kg-day. These results indicate that biodegradation in these locations is significant and that

bioventing is feasible at this site.

Table 12. In Situ Respiration Test Results at Griffiss AFB, NY

Monitoring Point Oxygen Utilization Rate (%/hr) Biodegradation Rate (mg/kg-day)

MP1-10.0’ 0.69 11
MP2-8.0’ 0.37 6.2
MP3-10.0’ 0.35 5.8

5.0 DISCUSSION AND CONCLUSIONS

The main objective of the field pilot test at Pump House 5, Griffiss AFB was to determine if
LNAPL recovery is feasible and to select the most effective method of LNAPL recovery.
Baildown recovery tests were conducted at monitoring wells MW-1, MW-3, MW-7, and MW-

8. Baildown recovery tests provide a qualitative indication of the presence of mobile, free-phase
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LNAPL and recovery potential. Overall the baildown recovery tests indicated a relatively slow rate
of LNAPL recovery into the wells. Also, short-term baildown recovery resulted in LNAPL
thicknesses substantially less than initial apparent thicknesses. Monitoring well MW-8 recovered to
an LNAPL thickness of 0.71 ft which is closer to the initial apparent thickness (1.11 ft). Monitoring
well MW-7 had the highest initial apparent thickness (6.77 ft) and the highest rate of initial recovery.
Based on these results, pilot testing was initiated on monitoring well MW-7.

Direct pumping tests were conducted at monitoring wells MW-7 and MW-3. Skimmer pump
testing was conducted at monitoring well MW-7 in a continuous extraction mode for two days. No
measurable free-phase LNAPL was recovered during the two days of skimmer pump testing,
indicating that gravity-driven recovery is minimal. Bioslurper testing was conducted for two days
resulting in relatively low recovery on the first day (1.2 gal/day) followed by no measurable product
recovery on the second day. Vacuum levels in the well were high at 23 inches Hg. Groundwater
production rates during bioslurping were higher than rates during the drawdown pump test, indicating
that vacuum enhanced fluid recovery was in effect during the bioslurper test. The oh—site water
treatment equipment, consisting of a filter tank, oil/water separator, and clarification tanks, resulted in
water effluent (2.8 to 3.5 mg/L total hydrocarbons) that is considered compatible with typical sanitary
sewer discharge limits.

In an effort to determine if the results at monitoring well MW-7 were representative of site
conditions, bioslurper testing was conducted at monitoring well MW-3. Minimal free-phase LNAPL
was recovered on the first day of bioslurper pumping (1.65 gallons/day). No measurable LNAPL
free product was recovered on the second day of continuous extraction. The well head vacuum on
monitoring well MW-3 (7 inches Hg) and groundwater production rate (1,100 gallons/day) were
similar to those observed at monitoring well MW-7. Results at monitoring wells MW-7 and MW-3
appear to be representative of the site and indicate that gravity-driven or even vacuum-enhanced liquid
recovery techniques are not feasible.

Drawdown testing was conducted to determine if a cone of groundwater depression would
enhance LNAPL recovery. The water table was depressed in monitoring well MW-7 1.5 ft below the
static water table. No measurable LNAPL free product was recovered in this mode during two days
of continuous extraction. Groundwater recovery rates were on the order of 300 gallons/day. As
stated above, the vacuum gradient maintained during the bioslurper test resulted in higher fluid

recovery rates than the 1.5 ft groundwater drawdown test.
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Bioslurping also promotes mass removal in the form of in situ biodegradation via bioventing
and soil gas extraction. Vapor phase mass removal is the result of soil gas extraction as well as
volatilization that occurs during the movement of LNAPL free product through the extraction
network. Given, the measured vapor flowrate (6 scfm) and vapor concentrations, initial hydrocarbon
removal rates were approximately 91 1b/day of TPH and 0.20 Ib/day of benzene. Thus, initially,
mass removal in the vapor phase is significant. However, this short-term test does not provide a
good indication as to whether these rates would be sustained. Higher vapor mass removal rates are
more often sustained at those sites where liquid product recovery is sustained.

The initial soil gas profiles at the site displayed oxygen-deficient, carbon dioxide-rich, high
total volatile hydrocarbon vapor conditions across the 4 to 10 ft below ground surface horizons.
These conditions indicate that natural biodegradation of residual petroleum hydrocarbons has
occurred, but is limited by oxygen availability. Soil gas concentrations were measured during the
bioslurper test at monitoring points adjacent to monitoring well MW-7 to determine if the vadose zone
was being oxygenated via the bioslurper action. Oxygen concentrations were most influenced at
monitoring point MP1, 10 ft from the bioslurper well. Based on the soil gas permeability test, where
a radius of influence of 38 ft was measured, it is likely that these areas will become fully aerated. In
short, a two day extraction time frame at 6 scfm is insufficient to exchange sufficient pore volumes of
soil gas to fully oxygenate the zone of influence. In situ biodegradation rates of 5.8 to 11 mg/kg-day
were measured at three different locations. Based on the radius of influence of 38 ft and a
hydrocarbon-impacted soil thickness of 18 ft, mass removal rates via biodegradation are on the order
of 43 to 81 Ibs of hydrocarhon per day. Thus, mass removal rates via biodegradation could be as
significant as the initial vapor phase removal rates measured during the bioslurper test. These results
indicate that bioventing is feasible at this site. Air injection bioventing is preferable over bioslurping
and soil vapor extraction with respect to the elimination of hydrocarbon vapor emissions.

In summary, the on-site testing at Pump House 5, Griffiss AFB, included the direct testing of
gravity-driven and vacuum-driven LNAPL free product recovery techniques, bioventing, physical
sampling, and tests relevant to soil vapor extraction. Liquid phase recovery was not sustainable in
any of the extraction modes. The vacuum-enhanced mode is significant in that if liquid phase
LNAPL recovery is not sustainable under high vacuum conditions, then it is unlikely that it will be
sustainable under any conditions. Vapor phase mass removal rates measured during bioslurper testing
may be the result of soil gas removal (i.e. SVE) or volatilization during liquid entrainment. The

generation of off-gas is undesirable and sustained rates of off-gas discharge cannot be estimated
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accurately from this test. The in situ respiration test and vadose zone radius of influence testing
demonstrate that bioventing is feasible at this site.

Periodic baildown recovery tests are recommended as a useful indicator of LNAPL free
product recovery potential. Based on the conduct of identical pilot tests at over 25 different sites,
there have been several sites where apparent LNAPL product thicknesses are significant (>3 ft).
However, once the LNAPL free product is removed from the well, it may take weeks or months to
return to initial apparent thicknesses. LNAPL free product continues to accumulate in monitoring
wells, but not at a rate to make free product recovery worthwhile. The periodic baildown recovery
test is the best method to verify whether or not the Pump House 5 site is like the sites described
above. Periodic hand bailing may also represent removing LNAPL free product to the extent
practicable.

This pilot test effort is a logical follow-on to the AFCEE/ERT intrinsic remediation
investigation conducted at Pump House #5. The “Intrinsic Remediation Report” recommended the
consideration of source removal, and this free product recovery pilot test was designed to determine
the feasibility of some of the most effective technologies and select the best method of source
removal. Further consideration should be given to an overall risk management strategy to include
natural attenuation, and the evaluation of soil vapor extraction via internal combustion engine (ICE)

(AFCEE/ERT ICE Report, 1994), bioventing, and periodic baildown recovery tests.
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1.0 INTRODUCTION

The U.S. Air Force Center for Environmental Excellence (AFCEE) Technology Transfer
Division is conducting a nationwide application of an innovative technology for free-product recovery
and soil bioremediation. The technologies tested in the Bioslurper Initiative include vacuum-enhanced
free-product recovery/bioremediation (bioslurping) as well as traditional skimmer and groundwater
depression approaches. The field test and evaluation are intended to demonstrate the feasibility of free-
product recovery by measuring system performance in the field. System performance parameters,
mainly free-product recovery, will be determined at numerous sites. Field testing will be performed at
many sites to determine the effects of different organic contaminant types and concentrations and
different geologic conditions on bioslurping effectiveness.

Plans for the field test activities are presented in two documents. The first is the overall Test
Plan and Technical Protocol for the entire program entitled Test Plan and Technical Protocol for
Bioslurping (Battelle, 1995). The overall plan is supplemented by plans specific to each test site. The
concise site-specific plans effectively communicate planned site activities and operational parameters.

The overall Test Plan and Technical Protocol was developed as a generic plan for the
Bioslurper Initiative to improve the accuracy and efficiency of site-specific Test Plan preparation. The
field program involves installation and operation of the bioslurping system supported by a wide variety
of site characterization, performance monitoring, and chemical analysis activities. The basic methods
to be applied from site to site do not change. Preparation and review of the overall Test Plan and
Technical Protocol allows efficient documentation and review of the basic approach to the test

program.




This report is the site-specific Test Plan for application of bioslurping at Griffiss Air Force
Base (AFB), New York. It was prepared based on site-specific information received by Battelle from
Griffiss AFB and other pertinent site-specific information to support the overall Test Plan and

Technical Protocol.

2.0 SITE DESCRIPTION

The site description information presented in this section was obtained from the Work Plan for
a Treatability Study in Support of the Intrinsic Remediation (Natural Attenuation) Option at
Pumphouse 5 (Building 771) prepared for the AFCEE and Griffiss AFB by Parsons Engineering
Science, Inc., June 1995. Additional information was obtained from Building 771 (Pumphouse 5)
Engineering Evaluation/Cost Analysis Report dated February 1995.

Griffiss AFB is located in central New York State and is bordered on the west by the city of
Rome (Figure 1). The base is surrounded by land used for agricultural, residential, commercial, and
industrial purposes. The 3,900 contiguous acres are located in the Mohawk River Valley.

The base has been in operation since February 1942, with the primary mission of maintaining
and implementing effective aerial refueling operations and providing bombardment capabilities.
Pumphouse 5 (Building 771), the area identified as a source Area of Concern (AOC), serves as a fuel
storage and transfer station for aircraft refueling operations.

Located in the vicinity of Pumphouse 5 are four 50,000-gallon underground storage tanks
(USTs) containing JP-4 jet fuel, of which an unknown number are found below the water table.
Northwest of Pumphouse 5 are two valve pits and a 2,000-gallon collection tank. Pumphouse 5 is part
of the base fuel distribution system (Figures 2 and 3). A drainage ditch located 250 ft north of the
pumphouse is a potential receptor of groundwater discharge.

There are records of three large spills known to have contributed to contamination at the site.
Fuel released from an aircraft fire in 1977 was the cause of a Class III JP4 spill. Griffiss AFB
personnel indicate that the fuel was discharged off site due to an open trench gate in the center of the
apron. An occurrence reported in 1989 was the result of indications of free-phase fuel product found
in samples from monitoring wells at Pumphouse 5. A Class III JP-4 spill again occurred in 1991

between the fillstand and Pumphouse 5. Sorbent material was used to clean up the spill.
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Attempts have been made to define the limits of contamination through leak detection
investigations and a soil gas survey. Three monitoring wells were installed in 1989, and an additional
seven wells were installed in 1991. In each of the wells where free product was observed, a flexible
axial peristaltic (FAP) pump petroleum-skimming system was used to draw down free product. This
operation was begun in early 1993 and, in conjunction with hand bailing, removed 25 to 50 gallons of
free product in 6 months. Since this time, several other incidences have contributed to further
contamination. Personnel report that the 2,000-gallon fuel collection tank has been overfilled on
occasions in the past. Furthermore, a leak attributed to a broken fitting in the pipe connecting the

collection tank to the pumphouse floor drain was discovered in 1994.
2.1 Site Geology

Griffiss AFB and its vicinity rest on hundreds of feet of shale bedrock covered by
unconsolidated materials of coarser texture described as gray sandy shale. From south to north, the
area tends to demonstrate a coarsening of sediments and a decreasing depth to bedrock.

Site soils consist of silty sands underlain by glacial till in the east- and west-central areas with
the remainder of the site consisting of gravels. The southern portion is underlain by well-sorted sands.

Pumphouse 5 (Building 771) is described as having fine- to medium-grained sand, gravel, and
traces of clay. These sands tend to dominate both the vadose and saturated zones with the exception of
clayey soils observed at 12 to 19 ft below ground surface (bgs) at several boreholes. Depth to bedrock
ranges from 25 to 50 ft bgs at the site area. A summary of soil characteristics at monitoring wells

771MW-4 through 771MW-9 can be seen in Table 1.
2.2 Aquifer Characteristics

Groundwater is generally found between 14 and 19 ft bgs across the site and at shallower
depths in adjacent areas (Table 2). Flow tends to be counter-regional to the southwesterly groundwater
flow pattern of the base. The northern portion of the site experiences north and northwest flow
throughout the year with possible discharge into a drainage ditch located 250 ft northwest of the
pumphouse. The flow direction to the south of the pumphouse is predominantly north; however, some

localized flow patterns develop specific to the seasons. Flow direction to the east of the pumphouse

tends to be erratic.




The average hydraulic gradient across the site has been estimated at 0.060 ft/ft. Both rising-
and falling-head slug test data were used to measure hydraulic conductivity. These values were found
to be 3.03 X 10 ft/min and 2.19 X 10 ft/min respectively. Using these data and an assumed
porosity of 30%, the groundwater velocity at the site is estimated to be 4.38 X 10 ft/min or

0.63 ft/day.

2.3 Site Contamination

Site contamination in the form of JP-4 was first detected in 1989 by the appearance of free
product in the monitoring wells. Light, nonaqueous-phase liquid (LNAPL) levels, which continued to
be monitored until 1995, ranged from 0.01 to 5.07 ft (Table 3). Samples from a soil gas survey
performed at the end of 1989 were analyzed for benzene, toluene, ethylbenzene, and xylenes (BTEX)
and total petroleum hydrocarbons (TPH) (Figures 4 and 5). In one contaminated area, BTEX levels of
706 ng/L and TPH concentrations of 104,000 ng/L were detected. TPH concentrations northwest and
northeast of the site reached as high as 219,000 ng/L and 129,000 ng/L, respectively.

Analysis of free product floating on groundwater was indicative of JP-4 with variances due to
slight environmental exposure. Data from the May 1994 sampling also indicate that the contamination
was relatively fresh. Locations of the mobile LNAPL seem to correspond to buried tanks and fuel lines
and show that free product seems to have migrated northwest to a constructed drainage ditch.

A four-quarter groundwater sampling series began in 1992. During this time period, the
highest BTEX levels were recorded at 771MW-4 and 771IMW-8, with respective readings ranging from
3,427 to 8,529 ug/L and 11,180 to 30,600 ug/L (Table 4). Other contaminants detected at the site
include acetone at 4,300 ug/L, naphthalene at 118.3 ug/L, and total glycol at 0.93 mg/L (Table 5).

The groundwater quality standards for New York are the applicable or relevant and appropriate
requirements (ARARs) assigned to the Pumphouse 5 area. BTEX concentrations exceeded the ARARs

in at least one or more wells for all four sampling periods.
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Table 4. Groundwater BTEX Data at
Pumphouse 5, Griffiss AFB, NY

Benzene Toluene |Ethylbenzene| Xylenes |Total BTEX
Well Date Method (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
771IMW-2 Nov-92 8240 <5 <5 <5 <5 <20
Mar-93 8240 <5 <5 <5 <5 <20
Jun-93 8240 <5 <5 <5 <5 <20
Sep-93 8240 <1 <1.5 <1 <4 <75
77IMW-2 (dup)| Nov-92 8240 <5 <5 <5 <5 <20
Mar-93 8240 7.6 1.3J@ 1.1 2.2} 12.2)
June-93 8240 <5 <5 <5 <5 <20
Sep-93 8240 <1 <1l.5 <1 <4 <75
T71MW-4 Jan-92 8020 5,200*® 6104 610* 7,500* 13,920
Nov-92 8240 3,100 19 450 1,200 4,769
Mar-93 8240 4,200ID@ 44] 410 1,200 5,8541D
Jun-93 8240 5,900JD 29 - 700D 1,900JD 8,5291D
Sep-93 8240 3,200 <l.5 47 180 3,427
771IMW-5 Jan-92 8020 <0.5 <0.5 <0.5 <l <25
Nov-92 8240 <5 <5 <5 <5 <20
Mar-93 8240 <5 <5 , <5 <5 <20
Jun-93 8240 <5 <5 <5 <5 <20
Sep-93 8240 <1 <1.5 <l <4 <7.5
77IMW-6 Jan-92 8020 <0.5 <0.5 - <0.5 <r <2.5
Nov-92 8240 2.1 <5 1.3T® <5 2.1
Mar-93 8240 ] 1.1JB® <5 <5 <5 1.UT
Jun-93 8240 <5 <5 <5 <5 <20
Sep-93 8240 <1 <1.5 <1 <4 <75
T71MW-8 Jan-92 8020 750* 250* 1,100* 6,600* 8,700*
Nov-92 8240 7,800 1,300 1,200 3,600 13,900
Mar-93 8240 8,800 1,400 1,400 4,300 15,900
Jun-93 8240 9,100ID 1,700ID 1,600JD 3,600ID 16,000JD
Sep-93 8240 6,000 380 1,000 3,800 11,180
771IMW-8 (dup)} Jan-92 8020 11,000* 2,400* 1,200* ~ 16,000* 30,600*
Sep-93 8240 6,000 380 - 1,000 3,800 11,180
771IMW-9 Jan-92 8020 <-/5 <0.5 <0.5 <1 <2.5
Nov-92 8240 <5 <5 <5 <5 <20
Mar-93 8240 <5 <5 <5 <5 <20
Jun-93 8240 <5 <5 - <5 <5 <20
Sep-93 8240 <l <15 <1 <4 <7.5

Source: Parsons Engineering Science, Inc., 1995a.

@J - Concentration estimated. @ JD - Estimated result due to dilution.
® * - Results from diluted sample. © T - False-positive based on trip blank data.
© # - Concentration exceeds the method ~ ® JB - Estimated quantitation: possible biased high
range (URL). or false-positive based on quality control
(QC) data.

13




fv1o 1600 160°0 100> 00> [L0'0 [60°0 /81 -0dV HOd SAN 103419 [m0L,
STOSATS
01> v 01> 01> L8 01> 01> /81 0LZ8MS auaferpydeN
01> [} 01> 01> o1 > 01> 01> /37 0LZI8MS aualonyy
01> r 01> 01> 01> 01> 01> /37 OLZ8MS suapydeussy
or> {z 01> 01> €€ 01> 01> /81 0LTBMS ausfeypydeulANaN-Z
STUESI0) I[IIC[0ATUINS
qarr's 41012 a19°'v are aroe arn’s a[c9 7/8n OVZSMS apuoy) audlfipay
§> 0sT> s> we 0s> ¢> c> 71/8r1 0bI’MS uolay 1Apg [Aips A
or> {091 arey 01> 001> ar-g a8’y /87 OFZ8MS sueawoIoN)
§> 0sz> ar1°6 qi11 05> a16'z @HI6°E 8 OVZIMS U0y
STIESI(0) J[NIE[OA
£661 HOUVIA ‘T 4ALYVNO
(AN 00> 00> 00> 800 $0°0> ®LL0'0 1/3w ¥-0dV HOQ SAN 109419 [e10],
SOSATH
ry 01> 01> 01> or> 01> or> /8 OLZBMS srereqiyd (14xayjdpa-g)siq
01> or> 01> or> O} 14 o1> or> /8 0LTBMS [ouayq
01> €811 01> 01> €19 01> 01> /31 0LI8MS suajepydeN
TN 01 or> 01> 01> 01> 01> /3 OLZ8MS Ay [Apaig
or> 10°t 01> 01> 01> 01> 01> /8 0LZBMS ueinyozusqIg
01> v'09 01> or> T0E 01> 01> 131 0LZ8MS auapelpydeujAyap-g
§3(UESI() I[NJB[OATIIIS
q0°L q8'L 2 (0 46’9 q9°L 4s°6 «lT9 /371 OvZ8MS apLIo[yD audAa
§> Otl s> §> s> > c> /8 0bZ8MS auouexay-g
9% 00ty §> 9 0061 s> ®fTl /831 OVZSMS au0ja0Yy
51EsIQ SMEOA
7661 YAGIWAAON ‘I ¥ALAVNO

6-MINILL 8-MINILL 9-MINILL S-MINILL -MINTLL (MT-MITLL TMNILL nupny POYRN s1apureteq

14

AN ‘4AV ssyjun ‘g asnoydumy
18 (€661 1qURYdIS-766] J2qUIBA0N) J3)Ien)) £q JIjempuno.s)

ur spunoduio)) [034[D) pue ‘O[E[oANUdS ‘(XFLH-UON) JNE[0A 'S AqEL




"(uejq d uo paseq seiq mo[ 10 ysiy ajqissod) uonemuenb pajeumsy - Lf @

“uonnjIp 01 anp I nsax pajeuntisy - [ o

"(e1ep DO/(VO) 2oueinsse Kjijenb uo paseq seiq moj 10 y3iy ajqissod) uoneiuenb pajewnisy - gf ®

“ejep yue|q dun uo paseq aapisod asje] - I ®

asn jou o “eiep DO 01 anp payoalor veg - Y ©

‘BJep Muejq uo paseq aAmisod-asie,] - g @

‘paleuln)ss UonBIUIdUOYD) - [ ®
0p> 0E1 I'y> I'y> L9 by> ov> “1/8r 0LI8MS Jouayd
0e> 68 1e> re> 0€l £e> 0e> 18 OLZ8MS susfepydeN
0v> 81 I'v> I'y> 9v yy> ovy> /8 OLISMS auapeipydeujAgaN-7

10AT
01> 01> LTl AN (3] LeL1 wlfzl 01> /81 OVZ3MS apHO[YD) SUSAPIN
00§ > s> 05> 05> 05> oL8 oov1 /81 OVI8MS auoldY
031

€661 YAGWALJIS ‘¥ YALIVNO
91°0 v1°0 £6°0 $0°0> 110 9%°0 L0°0 VN $¥-DdV HOd SAN 103419 [e101,
SO
01> 01 01> 81 e 01> 01> /8 OLZSMS areteqiyd (14xay1dpa-z)siq
s> s> s> s> arooze 11 67 18 OLT8MS auoiay [Ag (A
01> 9’9 01> 01> otl 01> 01> /81 OLT8MS auajeqpydeN
or> €1 01> 01> 124 01> 01> /8 0LT8MS audepydeujipop-7

oA
0s> (1) dro'L it (VA ar5'9 91 6 /31 OPTI8MS apuoy) UBIAPIN
81 A100¥T 410°'p1 q10'1z arooze ar9e Q098 /81 OVZ8MS U0y
S[uediQ 3eOA
£661 ANNC ‘€ YALAVNO

MINILL S-MINILL 9MIILL S-MINILL r-MWILL (PT-MINILL TMNILL nun POYPRI s1)ureIeq

(panunuo)) °g 3qeL,

15




3.0 PROJECT ACTIVITIES

The field activities discussed in the following sections are planned for the bioslurper pilot test at
Griffiss AFB. Additional details about the activities are presented in the overall Test Plan and
Technical Protocol. As appropriate, specific sections in the overall Test Plan and Technical Protocol

are referenced. Table 6 presents the schedule of activities for the Bioslurper Initiative at Griffiss AFB.

3.1 Mobilization to the Site

After the site-specific Test Plan is approved, Battelle staff will mobilize equipment to the site.
Some of the equipment will be shipped via air express to Griffiss AFB prior to staff arrival. The base
point-of-contact (POC) will have been asked in advance to find a suitable holding facility to receive the
bioslurper pilot test equipment so that it will be easily accessible to the Battelle staff when they arrive
with the remainder of the equipment. The exact mobilization date will be confirmed with the base POC
as far in advance of fieldwork as is possible. The Battelle POC will provide the base POC with
information on each Battelle employee who will be on site. Battelle personnel will be mobilized to the

site after confirmation that the shipped equipment has been received by Griffiss AFB.

3.2 Site Characterization Tests

3.2.1 Baildown Tests

The baildown test is the primary test for selection of the bioslurper test well. Baildown tests
also are useful for the evaluation of actual versus apparent free-product thicknesses. Baildown tests
will be performed at wells that contain measurable thicknesses of LNAPL to estimate the relative
LNAPL recovery potential for each well. In most cases, the well exhibiting the highest rate of LNAPL
recovery will be selected for the bioslurper extraction well. A sample of free-phase LNAPL will be
collected at this point for analyses of boiling point distribution and BTEX concentration. Based on
available data, wells 771IMW-1, 77IMW-3, 771IMW-7, and 771MW-8 are the most likely candidates
for use as the pilot test extraction well. Detailed procedures for the baildown tests are provided in
Section 5.6 of the overall Test Plan and Technical Protocol (Battelle, 1995).




3.2.2 Soil Gas Survey (Limited)

A small-scale soil gas survey may be conducted to identify the best location for installation of
the bioslurping system. The soil gas survey will be conducted in the areas where historical site data
indicated the highest contamination levels. These areas will be surveyed to select the locations for
installation of the soil gas monitoring points. Monitoring points will be located in areas that exhibit the

following soil gas characteristics.

1. Relatively high TPH concentrations (10,000 ppmv or greater).
2. Relatively low oxygen concentrations (between 0% and 2%).

3. Relatively high carbon dioxide concentrations (depending on soil type, between 2% and
10% or greater).

Additional information on the soil gas survey is provided in Section 5.2 of the overall Test Plan and

Technical Protocol.

3.2.3 Monitoring Point Installation

Monitoring points must be installed to determine the radius of influence of the bioslurper
system in the vadose zone. A general arrangement of the bioslurping well and monitoring points is
shown in Figure 6.

Upon completion of the initial soil gas survey and baildown tests, at least three soil gas
monitoring points will be installed (unless existing monitoring points are available for use) to measure
soil gas changes that occur during bioslurper operation. These monitoring points should be located in
highly contaminated soils overlying the free-phase plume and should be positioned to allow detailed
monitoring of the in situ changes in soil gas composition caused by the bioslurper system. A schematic
diagram of a typical monitoring point is shown in Figure 7. Information on monitoring point
installation can be found in Section 4.2.1 of the overall Test Plan and Technical Protocol (Battelle,
1995).
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Figure 6. General Bioslurper Well and Monitoring Point Arrangement
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3.2.4 Soil Sampling

Soil samples will be collected from soil borings to determine the physical and chemical
composition of the soil near the bioslurper test site. Soil samples will be collected from the boreholes
advanced for monitoring point installation at two or three locations at the site chosen for the bioslurper
test. Generally, samples will be collected from the capillary fringe over the free product.

Soil samples from each boring will be analyzed for BTEX, bulk density, moisture content,
particle size distribution, porosity, and TPH. Section 5.5.1 of the overall Test Plan and Technical
Protocol (Battelle, 1995) contains additional information on field measurements and sample collection

procedures for soil sampling.

3.3 Bioslurper System Installation and Operation

Once the well to be used for the bioslurper test installation at Griffiss AFB has been identified,

the bioslurper pump and support equipment will be installed and pilot testing will be initiated.

3.3.1 System Setup

After the preliminary site characterization has been completed and the bioslurper candidate well
has been selected, the shipped equipment will be mobilized from the holding facility to the test site, and
the bioslurper system will be assembled. Figure 8 shows a flow diagram of the bioslurper process.
Figure 9 illustrates a typical bioslurper well that will be used at Griffiss AFB.

Before the LNAPL recovery tests are initiated, all relevant baseline field data will be collected
and recorded. These data will include soil gas concentrations, initial soil gas pressures, the depth to
groundwater, and the LNAPL thickness. Ambient soil and all atmospheric conditions (e.g., tempera-
ture, barometric pressure) also will be recorded. All emergency equipment (i.e., emergency shutoff
switches and fire extinguishers) will be installed and checked for proper operation at this time.

A clear, level 20- by 10-ft area near the well selected for the bioslurper test installation will be
identified to station the equipment required for bioslurper system operation. Additional information on
bioslurper system installation is provided in Section 6.0 of the overall Test Plan and Technical Protocol
(Battelle, 1995).
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Figure 9. Schematic Diagram Iustrating Slurper Tube Placement and

Valve Position for the Skimmer Pump Test
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3.3.2 System Shakedown

A brief startup test will be conducted to ensure that the system is constructed properly and
operates safely. All system components will be checked for problems and/or malfunctions. A checklist

will be provided to document the system shakedown.

3.3.3 System Startup and Test Operations

After installation is complete and the bioslurper system is confirmed to be operating properly,
the LNAPL recovery tests will be started. The Bioslurper Initiative has been designed to evaluate the
effectiveness of bioslurping as an LNAPL recovery test technology relative to conventional gravity-
driven LNAPL recovery technologies. The Bioslurper Initiative includes three separate LNAPL
recovery tests: (1) a skimmer pump test, (2) a bioslurper pump test, and (3) a drawdown pump test.
The three recovery tests are described in detail in Section 7.3 of the overall Test Plan and Technical
Protocol (Battelle, 1995).

The bioslurper system operating parameters that will be measured during operation are vapor
discharge, aqueous effluent, LNAPL recovery volume rates, vapor discharge volume rates, and
groundwater discharge volume rates. Vapor monitoring will consist of periodic monitoring of TPH
using hand-held instruments supplemented by two samples collected for detailed laboratory analysis.
Two samples of aqueous effluent will be collected for analyses of BTEX and TPH. Recovered LNAPL
volume will be recorded using an in-line flow-totalizing meter. The off-gas discharge volume will be
measured using a calibrated pitot tube, and the groundwater discharge volume will be recorded using
an in-line flow-totalizing meter. Section 8.0 of the overall Test Plan and Technical Protocol (Battelle,

1995) describes process monitoring of the bioslurper system.

' 3.3.4 Soil Gas Profile/Oxygen Radius of Influence Test

Changes in soil gas profiles will be measured before and during the bioslurper pump test. Soil
gas will be monitored for concentrations of oxygen, carbon dioxide, and TPH using field instruments.

These measurements will be used to determine the oxygen radius of influence of the bioslurper.




3.3.5 Soil Gas Permeability Tests

A soil gas permeability test will be conducted concurrently with startup of the bioslurper pump
test. Soil gas permeability data will support the process of estimating the vadose zone radius of
influence of the bioslurper system. Soil gas permeability results also will aid in determining the
number of wells required if it is decided to treat the site with a full-scale bioslurper system. The soil
gas permeability test method is described in Section 5.7 of the overall Test Plan and Technical Protocol

(Battelle, 1995).
3.3.6 LNAPL and Groundwater Level Monitoring

During the bioslurper pump test, the LNAPL and groundwater levels will be monitored in a
well adjacent to the extraction well if such a well exists. The top of the monitoring well will be sealed
from the atmosphere so the subsurface vacuum will be contained. Additional information for the
monitoring of fluid levels is provided in Section 4.3.4 of the overall Test Plan and Technical Protocol

(Battelle, 1995).
3.3.7 In Situ Respiration Test

An in situ respiration test will be conducted after completion of the biosturper pilot tests. The
in situ respiration test will involve injection of air and helium into selected soil gas monitoring points
followed by monitoring changes in concentrations of oxygen, carbon dioxide, TPH, and helium in soil
gas at the injection point. Measurement of the soil gas composition typically will be conducted at 2, 4,
6, and 8 hours and then every 4 to 12 hours for about 2 days. Timing of the tests will be adjusted
based on the oxygen-use rate. If oxygen depletion occurs rapidly, more frequent monitoring will be
required. If oxygen depletion is slow, less frequent readings will be acceptable. The oxygen utilization
rate will be used to estimate the biodegradation rate at the site. Further information on the procedures
and data collection of the in situ respiration test is provided in Section 5.8 of the overall Test Plan and
Technical Protocol (Battelle, 1995).
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3.3.8 Extended Testing

The Air Force has the option of extending the operation of the bioslurper system for up to
6 months if LNAPL recovery rates are promising and long-term vapor and aqueous discharge require-
ment have been established. If extended testing is to be performed, the Air Force will need to provide
electrical power for long-term operation of the bioslurper pump. Disposition of all generated wastes
and routine operation and maintenance of the system will be the Air Force's responsibility. Battelle

will provide technical support during the extended testing operation.

3.4 Demobilization

Once all necessary tests have been completed at the Griffiss AFB site, the equipment will be
disassembled by Battelle staff. The equipment then will be moved back to the holding facility, where it
will remain until its next destination is determined. Battelle staff will receive this information and will

be responsible for shipment of the equipment to the next site before they leave Griffiss AFB.

4.0 BIOSLURPER SYSTEM DISCHARGE

4.1 Vapor Discharge Disposition

The bioslurper system can be expected to generate a vapor discharge in the range of 1.0 to 130
Ib/day TPH. This value is based on the average discharge rates at three bioslurper test sites (Johnston
Atoll, Travis AFB, and Wright-Patterson AFB) that are contaminated with a similar type of fuel as that
found at Pumphouse 5. The discharge value will vary depending on concentrations in soil gas and the
permeability of the soil. The data for benzene and TPH discharge levels for six previous bioslurper
sites are presented in Table 7.

The Air Force is requesting that, during the short-term pilot test, direct discharge of the system
vapor emissions be allowed. Data will be collected during the test to quantify the mass of
hydrocarbons extracted in the vapor phase. The data will assist in determining long-term treatment
requirements for possible full-scale implementation. To quantify the mass of hydrocarbons released to

the atmosphere, two Summa canister samples will be collected for a Modified TO-14 laboratory
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analysis of BTEX, TPH, and the 10 highest-concentration hydrocarbon constituents detected. The two

samples will be collected during the 4-day bioslurper extraction test.

Table 7. Benzene and TPH Vapor Discharge Levels
at Previous Bioslurper Test Sites
Benzene TPH
Extraction Benzene TPH Discharge Discharge
Site Location Fuel Type Rate (scfm) (ppmv) (ppmv) (Ib/day) (Ib/day)
Andrews AFB No. 2 Fuel Oil 8.0 16 2,000 0.0010 0.20
Site 1, Bolling AFB No. 2 Fuel Oil 4.0 0.20 153 0.00030 0.0090
Site 2, Bolling AFB Gasoline 21 370 70,000 2.3 470
Johnston Atoll Jet Fuel 10 0.60 975 0.0017 5.7
Travis AFB " Jet Fuel 20 100 10,800 0.58 130
Wright-Patterson AFB Jet Fuel 3.0 ND 595 0 1.0

ND = Not detected

To ensure the safety and regulatory compliance of the bioslurper system, field soil gas

screening instruments will be used to supplement vapor discharge concentration monitoring.
4.2 Aqueous Influent/Effluent Disposition

Operation of the bioslurper system will generate an aqueous waste discharge that will be passed
through an oil/water separator (OWS) prior to discharge to a base OWS that is connected to the local

sanitary sewer. The bioslurper system OWS is rated for 10 gpm, and the base OWS is rated at 300
gpm. .

4.3 Free-Product Recovery Disposition
The bioslurper system will recover free-phase product from the pilot tests performed at Griffiss

AFB. Recovered free product will be turned over to the base for disposal and/or recycling. The

volume of free product recovered from the base will not be known until the tests have been performed.
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5.0 SCHEDULE

The schedule for the bioslurper fieldwork at Griffiss AFB will depend on approval of this
Test Plan. Battelle will determine a definitive schedule as soon as possible after approval is received.
Battelle will have two to three staff members on site for approximately 2 weeks to conduct all necessary
pilot testing. At the conclusion of the field testing at Griffiss AFB, all staff will return their base
passes. Battelle staff will remove all bioslurper field testing equipment from the base before they leave

the site.

6.0 PROJECT SUPPORT ROLES

This section outlines some of the major functions of personnel from Battelle, Griffiss AFB, and

AFCEE during the bioslurper field test.
6.1 Battelle Activities

The obligations of Battelle in the Bioslurper Initiative at Griffiss AFB will be to supply the staff
and equipment necessary to perform all the tests on the bioslurper system. Battelle also will provide
technical support in the areas of water and vapor discharge permitting, digging permits, staff support

during the extended testing period, and any other technical areas that need to be addressed.
6.2 Griffiss AFB Support Activities

To support the necessary field tests at Griffiss AFB, the base must be able to provide the

following:

1. Any digging permits and utility clearances that need to be obtained prior to the
initiation of the fieldwork. Any underground utilities should be clearly marked to
reduce the chance of utility damage and/or personal injury during soil gas probe and
possible well installation. Battelle will not begin field operations without these

clearances and permits.
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The Air Force will be responsible for obtaining base and site clearance for the Battelle
staff that will be working at the base. The base POC will be furnished with all

necessary information on each staff member at least 1 week prior to field startup.

Access to the local sanitary sewer must be furnished so that Battelle staff can discharge

the bioslurper aqueous effluent directly to the base OWS.

Regulatory approval, if required, must be obtained by the base POC prior to startup of
the biosturper pilot test. The base POC will obtain all necessary base permits prior to
mobilization to the site. Battelle will provide technical assistance in preparing

regulatory approval documents.

The base also will be responsible for the disposition of all waste generated from the
pilot testing. Such waste includes any soil cuttings generated from drilling, and all
aqueous wastestreams produced from the bioslurper tests. All free product recovered
from the bioslurper operation will be disposed of or recycled by the base. Battelle will
provide technical assistance in disposing of the waste generated from the bioslurper

pilot test.

Before field activities begin, the Health and Safety Plan will be finalized with
information provided by the base POC. Table 8 is a checklist for the information
required to complete the Health and Safety Plan. All emergency information will be

obtained by the Site Health and Safety Office before operations begin.
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Table 8. Health and Safety Information Checklist

Telephone
Contacts Name Number

Emergency

Hospital

Fire Department

Ambulance and Paramedics

Police Department

EPA Emergency Response Team

Program

Air Force Patrick Haas (210) 536-4314

Battelle Jeff Kittel (614) 424-6122
Eric Drescher (614) 424-3038

Griffiss AFB Cathy Jerrard (315) 330-2275

Other

Emergency Routes

Hospital

Other

6.3 AFCEE Activities
The AFCEE POC will act as a liaison between Battelle and Griffiss AFB staff. The AFCEE

POC will ensure that all necessary permits are obtained and that the space required to house the

bioslurper field equipment is found.
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The following is a listing of Battelle, AFCEE, and Griffiss AFB staff who can be contacted in
case of emergency and/or for required technical support during the Bioslurper Initiative tests at Griffiss

AFB.

Battelle POCs Jeff Kittel (614) 424-6122

Eric Drescher (614) 424-3088
AFCEE POC Patrick Haas (210) 5364314
Griffiss AFB POC Cathy Jerrard (609) 724-3323
Regulatory POCs
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APPENDIX B

LABORATORY ANALYTICAL REPORTS




AIR TOXICS LTD.
SAMPLE NAME: GRF-0GS-1
ID#: 9609015-01A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Freon 12 24000 Not Detected
Freon 114 24000 Not Detected
Chloromethane 24000 Not Detected
Vinyl Chloride 24000 Not Detected
Bromomethane 24000 Not Detected
Chloroethane 24000 Not Detected
Freon 11 24000 Not Detected
1,1-Dichloroethene 24000 Not Detected
Freon 113 24000 Not Detected
Methylene Chloride 24000 Not Detected
1,1-Dichloroethane 24000 . Not Detected
cis-1,2-Dichloroethene 24000 Not Detected
Chloroform 24000 Not Detected
1,1,1-Trichloroethane 24000 Not Detected
Carbon Tetrachloride 24000 Not Detected
Benzene 24000 130000
1,2-Dichloroethane 24000 Not Detected
Trichloroethene 24000 Not Detected
1,2-Dichloropropane 24000 Not Detected
cis-1,3-Dichloropropene 24000 _ Not Detected
Toluene 24000 Not Detected
trans-1,3-Dichloropropene 24000 Not Detected
1,1,2-Trichloroethane 24000 Not Detected
Tetrachloroethene 24000 Not Detected
Ethylene Dibromide 24000 Not Detected
Chlorobenzene 24000 Not Detected
Ethyl Benzene 24000 61000
m,p-Xylene 24000 © 240000
o-Xylene ‘ 24000 Not Detected
Styrene 24000 Not Detected
1,1,2,2-Tetrachloroethane 24000 Not Detected
1,3,5-Trimethylbenzene 24000 35000
1,2,4-Trimethylbenzene 24000 99000
1,3-Dichlorobenzene 24000 ’ Not Detected
1,4-Dichlorobenzene 24000 Not Detected
Chlorotoluene 24000 Not Detected
1,2-Dichlorobenzene 24000 Not Detected
1,2,4-Trichlorobenzene 24000 Not Detected
Hexachlorobutadiene 24000 Not Detected
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AIR TOXICS LTD.

SAMPLE NAME: GRF-0GS-1
ID#: 9609015-01A
EPA METHOD TO-14 GC/MS Full Scan

Compound ' Det. Limit (ppbv) Amount (ppbv)
Propylene 95000 Not Detected
1,3-Butadiene 95000 . Not Detected
Acetone 95000 Not Detected
Carbon Disulfide 95000 Not Detected
2-Propanol 95000 Not Detected
trans-1,2-Dichloroethene 95000 Not Detected
Vinyl Acetate 95000 Not Detected
Chloroprene 95000 Not Detected
2-Butanone (Methyl Ethyl Ketone) 95000 Not Detected
Hexane 95000 8000000
Tetrahydrofuran 95000 Not Detected
Cyclohexane 95000 Not Detected
1,4-Dioxane 95000 Not Detected
Bromodichloromethane 95000 Not Detected
4-Methyl-2-pentanone 95000 Not Detected
2-Hexanone 95000 Not Detected
Dibromochloromethane 95000 Not Detected
Bromoform 95000 Nat Detected
4-Ethyltoluene 95000 Not Detected
Ethanol 95000 Not Detected
Methyl tert-Butyl Ether 95000 Not Detected
Heptane 95000 ‘ 2100000
TPH* 240000 38000000

“Total Petroleum Hydrocarbons referenced to Jet Fuel (MW = 156).
TENTATIVELY IDENTIFIED COMPOUNDS - Top 10 Reported

Compound CAS Number Match Quality Amount (ppbv)
Butane, 2-methyl- 78-78-4 Manual ID '740000
Pentane ' 109-66-0 90 % 980000
Butane, 2,2-dimethyl- 75-83-2 83 % 800000
Pentane, 2-methyl- 107-83-5 91 % 6600000
Pentane, 3-methyl- 96-14-0 90 % 3700000
Cyclopentane, methyl- 96-37-7 80 % 1900000
Hexane, 2-methyl- 591-76-4 87 % 2000000
Unknown NA NA 1200000
Unknown Branched Alkane NA NA 2400000
Cyclohexane, methyl- 108-87-2 93 % 1100000

Container Type: 1 Liter Summa Canister

* 4-Bromofiuorobenzene




AIR TOXICS LTD.

SAMPLE NAME: GFS-0GS-2
ID#: 9609015-02A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Freon 12 21000 Not Detected
Freon 114 21000 Not Detected
Chloromethans 21000 Not Detected
Vinyl Chloride 21000 Not Detected
Bromomethane 21000 - Not Detected
Chioroethane 21000 Not Detected
Freon 11 21000 Not Detected
1,1-Dichloroethene 21000 Not Detected
Freon 113 21000 Not Detected
Methylene Chioride 21000 Not Detected
1,1-Dichloroethane 21000 Not Detected
cis-1,2-Dichloroethene 21000 Not Detected
Chloroform 21000 Not Detected
1,1,1-Trichloroethane " 21000 Not Detected
Carbon Tetrachloride 21000 Not Detected
Benzene 21000 100000
1,2-Dichloroethane 21000 Not Detected
Trichloroethene 21000 Not Detected
1,2-Dichloropropane 21000 Not Detected
cis-1,3-Dichloropropene 21000 Not Detected
Toluene 21000 Not Detected
trans-1,3-Dichloropropene 21000 Not Detected
1,1,2-Trichloroethane 21000 Not Detected
Tetrachloroethene 21000 Not Detected
Ethylene Dibromide 21000 Not Detected
Chlorobenzene 21000 Not Detected
Ethyl Benzene ) 21000 57000
m,p-Xylene , . 21000 © 220000
o-Xylene 21000 Not Detscted
Styrene 21000 Not Detected
1,1,2,2-Tetrachlorosthane - 21000 Not Detected
1,3,5-Trimethylbenzene _ 21000 36000
1,2,4-Trimethylbenzene 21000 80000
1,3-Dichlorobenzene 21000 ' Not Detected
1,4-Dichlorobenzens 21000 Not Detected
Chlorotoluene 21000 Not Detected
1,2-Dichlorobenzene 21000 Not Detected
1,2,4-Trichlorobenzene 21000 Not Detected

Hexachlorobutadiene 21000 Not Detected




AIR TOXICS LTD.

SAMPLE NAME: GFS-0GS-2
ID#: 9609015-02A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Propylene 84000 Not Detected
1,3-Butadiene 84000 Not Detected
Acetone 84000 Not Detected
Carbon Disulfide 84000 Not-Detected
2-Propanol 84000 Not Detected
trans-1,2-Dichloroethene 84000 Not Detected
Vinyl Acetate . 84000 Not Detected
Chloroprene 84000 Not Detected
2-Butanone (Methyl Ethyl Ketone) 84000 Not Detected
Hexane 84000 7000000
Tetrahydrofuran 84000 Not Detected
Cyclohexane 84000 Not Detected
1,4-Dioxane 84000 Not Detected
Bromodichloromethane 84000 Not Detected
4-Methyl-2-pentanone 84000 Not Detected
2-Hexanone 84000 Not Detected
Dibromochloromethane 84000 Not Detected
Bromoform 84000 Not Detected
4-Ethyltoluene 84000 Not Detected
Ethanol - 84000 Not Detected
Methyl tert-Butyl Ether 84000 Not Detected
Heptane 84000 2000000
TPH* 210000 35000000 -

*Total Petroleum Hydrocarbons referenced to Jet Fuel (MW = 158).
TENTATIVELY IDENTIFIED COMPOUNDS - Top 10 Reported

Compound CAS Number Match Quality Amount (ppbv)
Pentane ! 109-66-0 90 % -820000
Butane, 2,2-dimethyl- - 75-83-2 83 % 700000
Pentane, 2-methyl- 107-83-5 91 % 5600000
Pentans, 3-methyl- 96-14-0 290 % 3100000
Cyclopentane, methyl- 96-37-7 ) 80 % 1600000
Hexane, 2-methyl- 591-76-4 90 % 1800000
Unknown NA NA 1200000
Hexane, 3-methyl- 589-34-4 80 % 2400000
Cyclohexanse, methyl- 108-87-2 94 % 1200000
Hexans, 2,5-dimethyl- 592-13-2 80 % 780000

Container Type: 1 Liter Summa Canister

Page 5




AIR TOXICS LTD.
SAMPLE NAME: Lab Blank
ID#: 9609015-03A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Freon 12 0.50 Not Detected
Freon 114 0.50 Not Detected
Chloromethane 0.50 Not Detected
Vinyl Chloride 0.50 Not Detected
Bromomethane 0.50 Not Detected
Chloroethane 0.50 Not Detected
Freon 11 0.50 Not Detected
1,1-Dichloroethene 0.50 Not Detected
Freon 113 0.50 Not Detected
Methylene Chioride 0.50 Not Detected
1,1-Dichloroethane 0.50 Not Detected
cis-1,2-Dichloroethene 0.50 Not Detected
Chloroform 0.50 Not Detected
1,1,1-Trichloroethane 0.50 Not Detected
Carbon Tetrachloride 0.50 Not Detected
Benzene 0.50 Not Detected
1,2-Dichloroethane : 0.50 Not Detected
Trichloroethene 0.50 Not Detected
1,2-Dichloropropane 0.50 Not Detected
cis-1,3-Dichloropropene 0.50 Not Detected
Toluene 0.50 Not Detected
trans-1,3-Dichloropropene 0.50 Not Detected
1,1,2-Trichloroethane 0.50 Not Detected
Tetrachloroethene 0.50 Not Detected
Ethylene Dibromide 0.50 Not Detected
Chlorobenzene 0.50 Not Detected
Ethyl Benzene _ 0.50 Not Detected
m,p-Xylene ’ 0.50 Not Detected
o-Xylene i 0.50 Not Detected
Styrene 0.50 Not Detected
1,1,2,2-Tetrachloroethane 0.50 _ Not Detected
1,3,5-Trimethylbenzene 0.50 Not Detected
1,2,4-Trimethylbenzene 0.50 . Not Detected
1,3-Dichlorobenzene 0.50 Not Detected
1,4-Dichlorobenzene 0.50 Not Detected
Chlorotoluene 0.50 Not Detected
1,2-Dichlorobenzene 0.50 Not Detected
1,2,4-Trichlorobenzene 0.50 Not Detected

Hexachlorobutadiene- 0.50 Not Detected




AIR TOXICS LTD.

SAMPLE NAME: Lab Blank
ID#: 9609015-03A
EPA METHOD TO-14 GC/MS Full Scan

Compound Det. Limit (ppbv) Amount (ppbv)
Propylene 2.0 Not Detected
1,3-Butadiene 2.0 Not Detected
Acetone 2.0 Not Detected
Carbon Disulfide 2.0 Not Detected
2-Propanol 2.0 Not Detected
trans-1,2-Dichloroethene 2.0 Not Detected
Vinyl Acetate 2.0 Not Detected
Chloroprene 2.0 Not Detected
2-Butanone (Methyl Ethyl Ketone) 2.0 Not Detected
Hexane 2.0 Not Detected
Tetrahydrofuran 2.0 Not Detected
Cyclohexane 2.0 Not Detected
1,4-Dioxane 2.0 Not Detected
Bromodichloromethane 2.0 Not Detected
4-Methyl-2-pentanone 2.0 Not Detected
2-Hexanone 2.0 Not Detected
Dibromochloromethane 2.0 Not Detected
Bromoform 2.0 Not Detected
4-Ethyltoluene 2.0 Not Detected
Ethanol 2.0 Not Detected
Methyl tert-Butyl Ether 2.0 Not Detected
Heptane 2.0 Not Detected
TPH* 5.0 Not Detected
*Total Petroleum Hydrocarbons referenced to Jet Fuel (MW = 156).

TENTATIVELY IDENTIFIED COMPOUNDS - Top 10 Reported
Compound CAS Number Match Quality Amount (ppbv)

None |dentified

Container Type: NA
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Alpha Analytical, Inc.

255 Glendale Avenue, Suite 21

2505 Chandler Avenue, Suite 1

Sparks. Nevada 89431
) (702) 355-1044
' FAX: 702-355-0406
1-800-283-1183

ANALYTICAL REPORT

e-mail: alpha@powernet.net
http//www.powernet.net/~alpha

Las Vegas, Nevada §9120
(702) 498-3312

FAX: 702-736-7523
1-800-283-1183

\

Battelle
505 King Ave
Columbus Ohio 43201

Job#:
Phone: (614) 424-6199
Attn: Al Pollock

Sampled: 08/19/96 Received: 08/27/96 Analyzed: 08/28/96
Matrix: [ X 1 Soil [ ] Water [ ] Waste
Analysis Requested: TPH - Total Petroleum Hydrocarbons-Purgeable

Quantitated As Gasoline

BTEX - Benzene, Toluene, Ethylbenzene, Xylenes
Methodology: TPH - Modified 8015/DHS LUFT Manual/BLS-191
BTEX - EPA Method 624/8240
TPH/BTXE Results:
Client ID/ Detection
Lab ID Parameter Concentration Limit
GRF Al TPH 4,700 500 mg/Kg
/BMI082796-04 Benzene ND 1,000 wug/Kg
Toluene ND 1,000 ug/Kg
Ethylbenzene 23,000 1,000 wug/Kg
Total Xylenes 82,000 1,000 wug/Kg
GRF A2 TPH 4,700 500 mg/Kg
/BMI082796-05 Benzene ND 1,000 wug/Kg
Toluene ND 1,000 wug/Kg
Ethylbenzene 21,000 1,000 wug/Kg
Total Xylenes 82,000 1,000 wug/Kg

ND - Not Detected

e >
Approved By: / 7ii;122zxﬁi , Z.

Roger L. Scholl, Ph.D. 4
Laboratory Director
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Alpha Analytical, Inc.

255 Glendale Avenue, Suite 21 2505 Chandler Avenue, Suite 1
Sparks. Nevada 89431 e-mail: alpha@powernet.net Las Vegas, Nevada 89120
(702) 355-1044 http//www.powernet.net/~alpha (702) 498-3312
FAX: 702-355-0406 FAX: 702-736-7523
1-800-283-1183 1-800-283-1183

ANALYTICAL REPORT

Battelle Job#:

505 King Ave Phone: (614) 424-6199

Columbus Ohio 43201 Attn: Al Pollock

Sampled: 08/22-23/96 Received: 08/27/96 Analyzed: 08/29-30/96
Matrix: [ ] Soil [ X ] Water [ ] Waste

Analysis Requested: TPH - Total Petroleum Hydrocarbons-Purgeable
Quantitated As Gasoline
BTEX - Benzene,Toluene,Ethylbenzene,Xylenes

Methodology: TPH - Modified 8015/DHS LUFT Manual/BLS-191
BTEX - Method 624/8240

Results:
Client ID/ Detection
Lab ID Parameter Concentration Limit
GFS DW1l TPH (Purgeable) 3.5 2.5 mg/L
/BMI082796-01 Benzene 400 5.0 ug/L
Toluene 26 5.0 ug/L
Ethylbenzene 180 5.0 ug/L
Total Xylenes 840 5.0 ug/L
GFS DW2 TPH (Purgeable) 2.8 0.50 mg/L
/BMI082796-02 Benzene 220 1.0 ug/L
Toluene 27 1.0 ug/L
Ethylbenzene 110 1.0 ug/L
Total Xylenes 440 1.0 ug/L

sooroved bys £ I AL 2467

Roger X. Scholl, Ph.D. //
Laboratory Director

-
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Alpha Analytical, Inc.
255 Glendale Avenue, Suite 21 2505 Chandler Avenue. Suite 1
Sparks, Nevada 89431 e-mail: alpha@powernet.net Las Vegas, Nevada 89120
(702) 355-1044 http//www.powernet.net/~alpha (702) 498-3312
FAX: 702-355-0406 ‘ FAX: 702-736-7523
1-800-283-1183 ANALYTICAL REPORT 1-800-283-1183

Battelle Job#:

505 King Ave Phone: (614) 424-6199

Columbus Ohio 43201 Attn: Al Pollock

Sampled: 08/20/96 Received: 08/27/96 Analyzed: 08/29/96

Matrix: [ ] Soil [ ] Water [ X ] Other

Analysis Requested: BTEX - Benzene,Toluene,Xylenes,Ethylbenzene

Methodology: BTEX - EPA Method 624/8240
Results:
Detection
Client ID/ Concentration Limit
Lab ID Parameter ug/Kg ug/Kg
GFS FP 1 Benzene 1,300 210
/BMI082796-03 Toluene 200 210
Ethylbenzene 3,800 210
Total Xylenes 18,000 210

~

s vy [ iz S LAY ... 7/ 7/

Roger ¥. Scholl, Ph.D.
Laboratory Director

J
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Alpha Analytical, Inc.

255 Glendale Avenue, Suite 21 2505 Chandler Avenue, Suite 1
Sparks. Nevada 89431 e-mail: alpha@powernet.net Las Vegas, Nevada 89120
(702) 355-1044 http//www.powernet.net/~alpha (702) 498-3312
FAX: 702-355-0406 FAX: 702-736-7523
1-800-283-1183 1-800-283-1183

ANALYTICAL REPORT

Battelle Job#:

505 King Ave Phone: (614) 424-6199
Columbus Ohio 43201 Attn: Al Pollock

Alpha Analytical Number: BM1082796-03 Client I.D. Number: GFS FP1
Date Sampled: 08/20/96 Date Received: 08/27/96

>C8 GC/FID 44.40 NA 05/04/96
C9 GC/FID 9.60 NA 09/04/96
Cl0 GC/FID 11.01 NA 09/04/96
Cll GC/FID -12.26 NA 09/04/96
Ci2 GC/FID 11.34 NA 09/04/96
C13 GC/FID 7.25 NA 09/04/96
Cl4 GC/FID 2.52 NA 09/04/96
Cl15 __GC/FID 0.71 NA 09/04/96
C17 .__GC/FID 0.27 NA 09/04/96
>Cl18 GC/FID 0.63 NA . 09/04/96

Approved by: /%L%% %

T I

Date: 7/7 /7 é
Roger L. S¢holl, Ph.D. Va4

Laboratory Director j

-




Laboratory

Analysis Report .
Sierra
Environmental
Monitoring, Inc.
ALPHA ANALYTICAL Date : 9/10/96
255 GLENDALE AVENUE, SUITE 21 Client : ALP-855
SPARKS NV 89431 Taken by: CLIENT
Report : 17283
PO# :
Page: 1
—
MOISTURE SIEVE !DENSITY POROSITY !
Collected CONTEKRT . ANALYSIS . H
le Date Time ' ~ % PASSING §5/CM3
082796-04 - GRF A 1 8/19/96  : 14.0 YES 1.42 46.4
082796-05 - GRF A 2 8/19/96  : 14.9 YES 1.46 64.9

ved By:

report is appi\cable oftby~to the sample received hy the laboratory. The liabitity of the laboratory is limited to the amount paid
his report. Thidfeport is for the exclusive use of the client to whom it is addressed and upon the condition that the client

hes all liability for the further distribution of the report or its contents.

1135 Financial Blvd.
Reno, NV 89502
im F. Pillsbury Phone (702) 857-2400

AN Ay A o~ g

John C. Seher

Aarnarmar




Sierra
Environmental
Monitoring, Inc.

Sierra Environmental Monitoring, Inc.
1135 Financial Bloulevard
Reno, NV 89502

702-857-2400 FAX 702-857-2404

SIEVE ANALYSIS REPORT

Client Alpha Analytical, Inc. Analytical Method ASTM
Sample Name |BMI082796-04 - GRF A 1 Sample Date 08/19/96
SEM Lab Number 9408-0887 Analysis Date 09/06/96
L U. S. Standard Sieve Size [ Percent Passing ]
1 inch 100% -
No. 4 80%
No. 8 0.7%
No. 10 0.6%
No. 16 0.6%
No. 30 0.5%
No. 40 0.5%
No. 50 0.4%
No. 100 0.2%
No. 200, <01 %
Approved by: ™

v\/

John Seher, Laboratory Manager

m F. Pillsbury

1135 Financial Bivd.
Reno, NV 89502
Phone (702) 857-2400 John C. Seher




Sierra
Environmental
Monitoring, Inc.

Sierra Environmental Monitoring, Inc.
1135 Financial Bloulevard
Reno, NV 89502

702-857-2400 FAX 702-857-2404

SIEVE ANALYSIS REPORT

Client Alpha Analytical, Inc. Analytical Method ASTM
Sample Name |BM!082796-05 - GRF A 2 Sample Date 08/19/96
SEM Lab Number 9608-0888 Analysis Date 09/06/96
[ U. S. Standard Sieve Size | Percent Passing ]
1 inch 100%
1/2 inch 95%
No. 4 79%
No. 8 66%
No. 10 _62%
No. 16 53%
No. 30 50%
No. 40 - 47%
No. 50 39%
No. 100 - 23%
No. 200 5%

Approved by:

John Seher, Laboratory Manager

1135 Financial Blvd.
Reno, NV 89502

m F. Pillsbury Phone {702) 857-2400 John C. Seher
idant CAY 707\ AR7.24N4 Manaaer




1BUIO-10 onseld-d sseig-g Jeipaj -} o0-0 Jer 0GS-S BOA-A BN .. BYIo- 10 SEM - YM los - 0S snoanby - DV A8y
-gsuadxa Jual|d Je Jo pasodsip Jo |ualjo 0} pauIn}al 8 [|im sajdwes snopiezeH "epew ate sjuswabuelie 1oyjo ssejun papioda) are sNsaL ale skep 09 papiessip ase sajdwes 310t
£q paataoay
) : \ y) \ £q paysinbuiay
It (o 7 FEEgUTY VYO R4
. Q.O\v ? \V ﬁv; .WNQ(% /\S r“\U 4WJ / - g@m. M@J. /\ W ww%& Aq pan203y
8 Q\u. m &@)\;N -5 H\w\\ﬂ\ h == y 1 A v U ) \\.Vﬂv a\.‘wE poysinbuyay
QPO Vil 2A [4TA LS, /N TR TV DV sapeneony
Aq paysinbuiiay
swl| ajeq Auedwo) eweN Juld ainjeubis
Pl
z (4

g
=y 924

PoLTTA ok o oA O Sd BB _

‘SHHVINT!

=2 e A
o ray .\fﬂ. -
\ XX > | PX X 2 7 | SV as Pl
v oSl [P X X X 1 IV 449 ho a4y
B> > AN e Al 7Y
X [ X — 17 A V7] _ ALE!
XX | NA SAD [0~ T390 g [SF R
SIS fow R \ s g oS LI [eich P e
. Nl % .ﬂ.\ . A{ »N.\ Jo adi pue e woyueny woday | 12 podues om:_mw_:o o) owg | oy
///,. \Jm\ % \M.u ? ,w \ #Xxed # euoyd , diz ‘o1e1s ‘AN
d + )I_v % \.AW. \\ # Uma N SMd ) P ssoIpp
/Jf O m ‘Mﬂ ,U? \ # 9or 10d N\ \ mﬂt.. | ewen way
xe4 12qWINN 8uo!
e T ) S




jo ebey

. /
{rinseufiig)
s{eusy swi /ateq :Ag Aroreioqe 103 panjeasy a1 faeg {emnieubis] :Aq peysinbuliay
(emyeut)g) {oamrulig)
tAq parisosy awi) /areq {24mBuB)g) :Aq paygsinbujjay 1Aq paajeoey awyj/areQq {a1tmieubis) :Aq paysinbujay
Y 2,
{8anjeudys) 45k o.u\ou\.mm —/2 \X\\ 4
:Ag parjaasy awi § Je12(] amyeulis) :Aqg paysinbugpey {asmeubis) :Ag panjedayy swyj/ae {edanyeulbys) :Aq paysinbuljey
{ ) 1/3eq
el ( 2-\v - 49 aos/ ﬁ.\w\\m
oS 4 ) - — JUb o <S5 .;\ f\@
A20gov) anvd / X ) —d4 54D —S,LD 25 fnjl
~N Aawe ! 2-od - W,\LN.W age/ Jw\Ad\m\w
At o ] )~ -5 0%5/ .Iv\.NA\nm
$3) )13y o] .
g £ ERFI L alva
& z|é& &
gagdld - \v ~354. LA
a £ z 3 < 72 (e1mieuBIS):SHITAWYS
W. v : . 10 eoyQf
Pi .M e N34 I13q =} DIV SS\II Tv.@ — QHA.Q?U,W
- {AV2eAL m%s.(w L 19301y ‘op ‘foig
% / ’ s3joIvIDgey snquin|ol)
V]
ad 4 AQOLSNI JO NIVHI
— 003U A Jjidjjed

.|F




APPENDIX C

SYSTEM CHECKLIST
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APPENDIX D

DATA SHEETS FROM THE SHORT-TERM PILOT TEST




ATMOSPHERIC OBSERVATIONS
MaTT  Poaes

. ' _ Boa JANOSY
site: __(riepr1os  AFD s NY Operators: _DpN KRAGT

Ambient Relative

Barometric
Date/Time Temperature Humidity Pressure
Mon . Aue 19 ~ BO°F
Tugs ., Aue 20 =~ T75°F
Wep o Ave 2] = 18°F
Thur ., Aue 22
Fri . Rues 23
3aT . Aus 24 ~ T1O°F

Sun , Bus 25

Mon . AuG 20 | = 70°F

TUES . AuG 27

WED ., AuG 28 &l °F




Site:

Baildown Test Record Sheet

GriFmiss Bes, NY

Well Identification:

MW -7

Well Diameter (OD/ID):

Date at Start of Test:

Time at Start of Test:

Initia] Readings

8i /%

4 7/

13: 0g

Revision 1

Page: 47 of 86
November 29, 1994
DRAFT

Sampler’s Initials:

Depth to Depth to LNAPL LNAPL Total Volume
Groundwater (ft) (ft) Thickness (ft) Bailed ‘ﬁ() [ %cJ>
19. 58 )1 2.. 8l 6. 77 Z ool §uel
Test Data

Sample Depth to LNAPL h
Collection Groundwater Depth to LNAPL Thickness

Time (ft) (ft) (1)
i%5: 09 V77,21 1. .90 0.3\
1510 | 710 b . LS 0.45
1512 17.C5 1o HY 0. Ll

5.1y 17.00 .27 0.73

12 b [L. 97 1. 10 0.91

[%: 20 b, 92 15.92 .ol

1% 2% [ .90 1S.79 [2Z

% 20 [Lb.22 [5.5C .23

13:35 (.78 15.323 .45

1348 .70 15,19 .55
409 o, SY 490 .64

14 30 .52 [4. 82 |.7C

Figure 9. Typical Baildown Test Record Sheet




8[zofag

Baildown Test Record Sheet

Revision 1

Page: 47 of 86 -
November 29, 1994
DRAFT

Site: Grieavss APB R NY
Well Identification: Mw-T
Well Diameter (OD/ID):
Date at Start of Test: __2 [i4/96 Sampler’s Initials:
Time at Start of Test: __|2.0%
Initial Readings
Depth to Depth to LNAPL LNAPL Total Volume
Groundwater (ft) (ft) Thickness (ft) Bailed (L)
Test _Data (co NTINU E_D)
Sample Depth to LNAPL i
Collection Groundwater Depth to LNAPL Thickness
Time (ft) (ft) ()
0% 25 [71.57 |S.09 AR READINGS From
08 46 i2.94 [ .39 7 .55 RISER PIPE

Figure 9. Typical Baildown Test Record Sheet




Revision 1

Page: 47 of 86 ©
November 29, 1994
DRAFT

. Baildown Test Record Sheet
Site: Gricmiss A B . NY

Well Identification: W -3

Well Diameter (OD/ID):

DateatStartof Test: __8/14[9% _ Sampler’s Initials:

Time at Start of Test: 1347

Initial Readings

Depth to Depth to LNAPL LNAPL Total Volume
Groundwater (ft) (ft) Thickness (ft) Bailed {(X) [qai] |
19.50 14.15 4715 1.0 sal foei
Test_Data '
Sample Depth to v LNAPL 5
Collection Groundwater Depth to LNAPL Thickness
Time (ft) (ft) ()
1347 (7.8 £ 7.14 a, 04
1349 k.79 o, T 0.08
1352 lo. 4% b, 35 0.1
L 1356 o . Bl .26 0.\G
|4oo o .22 .10 0.2
o5 (o, 32 (L, oY 0.2%
143% L. Y2 15.9% 0.49

Figure 9. Typical Baildown Test Record Sheet




Revision 1°

Page: 47 of 86
November 29, 1994
DRAFT

Baildown Test Record Sheet

sie: __GRiEASS AFB  NY

Well Identification:

W\\N‘l;

Well Diameter (OD/ID):

DateatStartof Test: _ 819/

Time at Start of Test: 1414

Initial Readings

Total Volume

Depth to Depth to LNAPL LNAPL
Groundwater (ft) (ft) Thickness (ft) Bailed (X [oal} |
“Ilq(ﬁ '5\50 Z, L/(o -OIS 5Q( 'Q\JQA
Test_Data '
Sample Depth to LNAPL
Collection Groundwater Depth to LNAPL Thickness
Time (ft) (ft) (f)
i4i4y .43 (7.8 .05
1417 1704 1,92 O, 1V
_142] 17.00 16,85 0. 15
b 1428 (.98 .32 O. 1l
434 b, 98 (.79 ©.19

Figure 9. Typical Baildown Test Record Sheet

 Sampler’s Initfals:




Baildown Test Record Sheet

site: ___Griegiss AFe . NY

Well Identification:

MW - &

Well Diameter (OD/ID):

8/:‘7/% _
1441

__D;t:_at Start of Test: _

Time at Start of Test:

Initial Readings

Revision 1
Page: 47 of 86
November 29, 1994

DRAFT

- Sampler’s Initials:

Depth to Depth to LNAPL LNAPL Total Volume
Groundwater (ft) (ft) Thickness (ft) Bailed ljki)(csql") '
10,42 {9.3] .1l ‘/g 3°‘ Qu'c’_]
TestAData |
Sample Depth to LNAPL
Collection Groundwater Depth to LNAPL Thickness
Time (ft) (f) (f)
144 | [9.20 19, 1t O, A
1445 12.92 12,65 0,28
1451 i9.05 12.53 0. 52
| 45 b (§. 12 i2.50 O.LZ
150% i(9.17 18,52 0. 65
1516 19.20 o.7i

12,49

Figure 9. Typical Baildown Test Record Sheet




Bloslurping Pllat Test it
(Data Sheet 2) i
Pilot Test Pumping Data Page of

site: __ G\ EELSS QF@;J NY sanDaz=:__BJ20/d0

Operators: (Mo PAce |, o Jamosy | Dan Keaer San Time: ___ 10 30
welD: _ MW -

PEs

Test Type: SKimMER

Depth to Groundwater: lqsg Depth to Fuel: _12.21 Depth of Tube: - 19,5 Y. below top ,
oF RisER PIPES)
i
Yapor Extraction : i
TANK i
. Stack Carbon PrgprStgele | Pump Head | Extraction Well ’ i
Run Pressure Drums Flowrate Temp Vacoum Vacuum ’ ’| il
Date/Time | Time (in. B,0) (io. B,0) (scfmm) e (in. Hy) (in. H.0) ,!; ;gi

%lw]eed 15| 027 | 220 | 17
afz1 Io’rao 2121 0.22 1.0 7.5 EE,
il

8lz\[190032.3| ©.24 a0l 1.5

3|2 om0l 453 0.1 4.5 | 17.8

Figure 11. Typical Record Sheets for Bioslurper Pilot Testing (Continued)
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Biosiorping Pllot Test :
(Data Sheet 2) i
Pilot Test Pumping Data Page of S

s GRIEFISS AFp NY sanpez_ B[22 /96

Operators: [T\ ATT PLAOE,‘BOEAK-\NOS\/‘ Dan KrAeT San Time: OQ (O

Test Type: _ DIOSLURPER Well ID: -7

Depth to Groundwater: Depth to Fuel: Depth of Tube: R

Vapor Extraction
TANK

ke

: Stack Carbon Pump-Stack | Pump Head | Extraction Well II’ il
Run Pressure Drums Flowrate Temp Vacoum Vacuum l!
Date/Time | Time (in. H,0) (in. B,0) (scfm) e °F (in. Hy) (in. 35€) \-\3 i

glzz[i035] 5.1 | 0.005 | Ns.o | 25 zZ3
8230720/ 4] | 0.005 0o | zs z3
8[23/:700 78.6| 0.005 N (o 25 z>
8l24|orxd a2.7] 0.0\ 110.8 | 25 z2

L

Blzy lorygd — SHUTDOWN BlBsLURPE oN | MW-7 +—

Figure 11. Typical Record Sheets for Bioslurper Pilot Testing (Continued)
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Biosiurping Pllot Test

(Data Sheet 2)

Pilot Test Pumping Data

sie: __GRIEEISS AFj, N\/
MATT PLACE , BOB QANOSY

Page of

Sart Date: 8{2‘4!3‘(0

San Time: Q9 50

Cperators:
Test Type: ___BIOSLURPER welD: MW - 3
Depth to Groundwaier: 21.09_ Deptwo Fuel: 16, 39 Depth of Tube:
Yapor Extraction
TAN K.
Stack Carbon Pemp-Stack- | Pomp Hexd | Extraction Well
Rim Pressure Drums Flowrate Temp Vacoum Vacuum
Date/Time | Time | (n:E.0) (o E;0) (sctm) 12 °¢| Gn Hg) (i 2528 Moy
824 [ 0920 peaese] 0: 00 23,5 o
%]qumoo 102.6| ©0.03 6. | 23 1.5
elzs/aeﬁo Wo.0| .0\ 94.4 75,5 7
8lz5 ll750 i74.7| 0.035 01.0 | 23 7
gl2tJopad .4 | 0,025 .2 |-23.5 7
gla cpl/oquE — sHoT Dhwn)_vaduom  ENBANGED  coliFieuraTIdN

N MW=

Figure 11. Typical Record Sheets for Bioslurper Pilot Testing (Continued)
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Biostarping Pilot Test

(Data Sheet 2)

Pilot Test Pumping Data

s Ceucerss Lo, NY

Operators: M. e 3 B. -N%NOS‘/, . THOMAS

Test Type: _ DRANIDOWN

Depth to Groundwater:

Depth to Fuel:

Page of

San Date: 9[2&:[ G

San Time: Q9235

Well ID:

M= 7

Depth of Tube:

Date/Time

Vapor Extraction

TANK

Stack

(in. B;0)

Carbon
Drums
(in. B,0)

Flovrate
(scfm)

Fump-Stack
Temp

rQor

Pump Head
Vacoum

(in. Hy)

Extraction Well
Vacuum
(in. H,0)

'8/2.0 /1‘765

199

Q.75

39.0

S

8|27 [o125]

16\.4

oO.\75

112.0

18.5

a]27)1730

171.6

0. \2

IWo.0

|7

2 /29 /07or

D 184.5

0.5

a2

12

2J28]ond

—t— SHOT

DOowWN  DRAWDCWNA

I cONEY

T

zC RATION

Figure 11. Typical Record Sheets for Bioslurper Pilot Testing (Continued)
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Bioslurping Pilot Test
(Data Sheet 3B)

Fuel and Water Recovery Data

Test Type:

Site: Q;,\_,\J\TA‘A,LB AFR ‘\)\’

Page of

Mt Veade

—

Start Date: 8-29 .90 QR 0130 Operators: _ 2oz Tamese Daw\er e
t
Run LNAPL Recovery Groundwater Recovery
Date/Time Time (volume collected in time period) | (volume collected in time periad)

AuG 20 /io'lo S -

Auqzo)l%oc .5 W NA O

A [6233] 2| NM B 110

AV 2 ( )(‘ioo 32.§" N MR “4s

Aof.'u/ 1|y o NS MA (O ’

o T sy

. 5.6 ijo,\f/u-m.

ol GfPfm.




Bioslurping Pilot Test
{Data Sheet 3B)
Fuel and Water Recovery Data

Page of

——

Site: GR\FF\SS ﬂng N\/ Test Type:  DicscURPER Mw -7

Start Date: 3/21,/6} o

OR\O

Operators: _M, Puace , . danosy D, KRR
! 7

Run LNAPL Recovery Groundwater Recovery
Date/Time Time {volume collected in time period) | {volume collected in time period)
- - o
822 [1835 T | 2600 mL = .95 4L 7SO _64¢
Z3.23 :
823 /0730 - 206 wa b= 10 64L 5TS cAL
9/7_1, j|7oo 7—,‘% approx. D00 ~-400 L 3% & FAL
i 4+ e
8/2._’ 07130 ~ No MNensuzpers AncumT-SH 65 Z AL

</24 | p74s

22T

Sl/lv\"' 0/0(.0/{)

TENY




Bioslurping Pilot Test
{Data Sheet 3B)

Fuel and Water Recovery Data Page of

site: GRAFFISS AFB MW':S Test Type: Bt'OS'VY‘P'ep

Operators:

Start Date: ©/2%/% @

LNAPL Recovery Groundwater Recovery

Date/Time T'F:rl:; {(volume collected in time period) | (volume collected in time period)
X-29/0130| © - : -
g-24/ 1300 | 1.5 40§ o\ 7s4.1
§-25/ 084S |23.25 .55 6¥0. 0
¥-25/1730 | 32.0 NMA Y090

Ig-0b/ 0830 | 47.0 NMA 709.0
272/ 0125 | Shardpwn contigareion v MW B and switdas systea

baclclto MW7




Bioslurping Pilot Test
{Data Sheet 3B)

Fuel and Water Recovery Data Page of

site: & RIFFISS AFB ) NY MW7 Test Type: Prawd oo

Operators:

Start Date: ¥ /2L /90

LNAPL Recovery Groundwater Recovery
(volume collected in time period)

Run
Date/Time Time (volume collected in time period)
2/26/0930| O . | Becin PRAWDOWA
¥/26/1735 | €. NMNA 100 §AL
¥/32p725 | 2.9 NMA 190 6 A¢
X/27/)730 | 32.0 | N MA Qb ca
()2T/0700 | 4S.S | MMA - | 1SS 4t




APPENDIX E

SOIL GAS PERMEABILITY TEST RESULTS
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APPENDIX F

IN SITU RESPIRATION TEST RESULTS
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